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OPENING  BEMABKS  BY  SUBGBON  GEK£BAL.  3 

OPENING  REMARKS  BY  THE  SURGEON  GENERAL. 

Dootor  CtTMMiNG.  Will  the  oonf M-enoe  please  come  to  order,  as  we 
htte  a  rather  full  program  which  we  desire  to  complete. 

I  take  pleasure  in  opening  this,  the  Twentieth  Annual  Conference 
of  State  and  Territorial  Health  Officers  with  the  United  States  Pub- 
lic Health  Service,  and  in  expressing  my  thanks  to  you  as  health 
aufthoritiee  of  your  States  and  representatives  of  your  State  govem- 
menis  for  being  present  at  the  conference,  because  I  know  how  many 
conferences  you  have  attended  in  the  past  few  months  and  how  many 
iR  ahead  of  us. 

I  think  it  is  rather  encouraging  that  in  spite  of  the  reactionary 
feeling  with  regard  to  appropriations  which  followed  the  war,  appro- 
priations for  the  Federal  service  and,  as  far  as  I  gather  from  State 
officials.  State  appropriations  have  not  been  reduced.  I  think  that  is 
i  matter  for  congratulation. 

The  service  fared  pretty  well  during  the  present  year  so  far  as 
appropriations  are  concerned.  Congress  and  the  legislatures  have 
been  fairly  liberal,  under  the  circumstances,  showing  that  the  im- 
portance of  public  health  is  beginning  to  be  appreciated. 

So  far  as  the  Federal  service  is  concerned,  despite  the  feeling  that 
the  ex-service  man  problem  interfered  with  us,  we  really  have  been 
doing  more  cooperative  work  than  ever  before  with  the  State  and 
Federal  departments. 

This  particular  phase  of  the  Public  Health  Service  work  is  de- 
veteping  very  rapidly,  and  the  sympathetic  attitude  of  the  President, 
the  Postmaster  General,  Dr.  Hubert  Work,  and  other  members  of  the 
Cibinet  will,  I  am  sure,  result  in  good  to  the  States  and  to  the  Fed- 
erd  Government. 

With  the  acquisition  of  the  New  York  quarantine  station  the  Fed- 
eral control  of  national  quarantines  is  now  complete. 

Since  our  last  meeting  there  have  been  fundamental  decisions  of 
the  Supreme  Court  which  pretty  clearly  outlined  the  police  powers 
of  the  Federal  Government  with  relation  to  the  States.  If  you  have 
not  read  the  decisions  relative  to  the  child-labor  act,  I  advise  you  to 
do  so,  because  there  is  a  good  deal  of  misapprehension  along  that 
line. 

I  feel  that  with  the  outline  of  the  legal  responsibility  before  us 
there  is  a  greater  need  for  close  and  sympathetic  cooperation  in  the 
problems  which  we  mutually  have  to  attack,  and  1  am  thankful  to 
47  that,  so  far  as  I  am  aware,  there  has  never  been  better  under- 
handing  and  coordination  of  effort  than  there  has  been  between  our- 
%lve8  during  the  past  year  or  so. 

I  am  not  going  to  take  the  time  to  go  over  the  events  of  the  last  12 
months.  Some  of  the  things  are  of  sufficient  importance  to  men- 
tion—for instance,  the  growing  realization  of  the  fact  that  the 
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development  of  adequate  local  health  service  is  the  principal  means 
for  the  protection  of  the  health  of  the  citizen ;  and  the  necessity  for 
better  health  protection  during  the  age  of  infancy^  growth,  and 
development. 

In  addition  to  the  attention  which  has  been  called  to  these  funda* 
mental  principles,  progress  has  been  made  during  the  year  on  the 
problem  of  eliminating  malaria  from  the  United  States.  When  this 
shall  have  been  successfully  accomplished  we  may  expect  an  increase 
of  at  least  30  per  cent  in  the  health  and  prosperity  of  those  sections 
of  our  country  where  this  disease  is  now  prevalent. 

Anotlier  significant  •  thing  is  the  recent  conference  between  the 
Public  Health  Service  and  educational  authorities  respecting  tlie 
problem  of  supplying  trained  workers  in  the  field  of  public  health. 
This  has  more  than  a  surface  significance,  for  it  surely  indicates  that 
the  demand  for  trained  health  workers  is  beginning  to  outrun  the 
supply,  showing  that  advances  in  the  extension  of  pubUc  health 
work  are  pending  and  that  the  future  is  bright  with  possibilities. 

I  will  not  take  time  to  speak  longer.  The  program  is  full  and 
offers  many  important  subjects  for  discussion. 

I  bid  you  a  most  hearty  welcome  and  declare  the  Twentieth  Anaual 
Conference  of  the  St^  and  Territorial  Health  Officers  with  the 
United  States  Public  Health  Service  now  open.  Since  this  confer- 
ence is  the  legal  machinery  through  which  the  State  health  authori- 
ties have  their  advisory  voice  in  Federal  health  matters,  let  me  urgre 
upon  you  the  duty  you  have  of  fully  expressing  yourselves  upon 
these  matters,  not  only  with  respect  to  the  program  but  about  any 
other  line  affecting  the  relations  of  the  Federal  Health  Service  with 
the  States. 

(The  secretary  called  the  roll.) 

Doctor  CuMMiNo.  In  view  of  the  large  number  of  people  present 
here  this  morning,  it  may  be  well  for  me  to  state  that  this  is  an  offi- 
cial gathering,  representing  the  States,  and  when  the  question  of 
voting  comes  up  the  only  people  entitled  to  vote  will  be  the  official 
represejntatives  of  the  State  governments. 

The  first  tiling  in  order  is  the  report  of  the  standing  committee,, 
morbidity  returns,  by  Dr.  Eugene  R.  Kelley.  Doctor  Kelley  told  m(> 
he  had  to  return  to  Massiichusetts,  and  I  do  not  know  whether  he 
left  anybody  to  report  for  him. 

(No  response.) 

Sanitation  of  public  conveyances,  by  Dr.  Oscar  Dowling. 

SANITATION  OF  PUBLIC  CONVEYANCES. 

Doctor  DowLTNO.  There  is  really  nothing  new  to  offer,  but  I  have 
submitted  for  the  committee  a  short  report. 

Doctor  Dowling  thereupon  road  the  following  report  of  the  com- 
mittee : 
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BEPOBT  OF  COMMITTEK  ON  SANITATION  OK  PUBLIC  CONVKYANCES. 

Yonr  Coroinittee  on  Sanitation  of  Public  Conveyances  begs  to  report  that  tho 
recommendations  made  in  1921  are  sufllciently  adequate  if  tboy  could  be  en- 
forced. 

We  lualce  two  additional  sagK<^tioii8— uiore  as  suggestions  tlian  recoinmenda- 
tioQs— namely,  tliat  spittoons  with  running  water,  similar  to  the  dental  ar- 
rangement of  lavatories,  be  placed  in  smoking  rooms  and  parlor  cars ;  and  that, 
if  at  all  practicable,  ceiling  fans  additional  to  those  at  the  end  of  the  cars  l>e 
placed  in  all  coaches  where  electric  fans  are  now  used. 

Doctor  CuMMiNo.  Gentlemen,  you  have  heard  the  reports  Is  there 
any  discussaon?    What  will  you  do  with  this  repprt? 

Doctor  Hatne.  Will  the  secretary  read  it?  I  do  not  think  the 
members  grasped  the  significance  of  it. 

Doctor  SoHBREscHEWSKT.  The  secretary  will  read  the  report  again. 

(The  secretary  thereupon  read  the  report) 

Doctor  DowmNG.  For  those  recommendations  you  are  referred  to 
the  report  of  the  transactions  of  the  last  conference.  We  make  two 
additional  suggestions — more  as  suggestions  than  recommendations. 
They  are  as  follows : 

(Doctor  Dowling  read  the  recommendations  or  siiggQgtio|is  above 
referred  to.) 

Doctor  Freeman.  I  do  not  know  whether  I  have  the  privilege  of 
the  floor  at  this  gathering  or  not,  but  if  I  understand  the  action  of 
the  conference  taken  on  the  report  of  the  committee  on  railroad 
sanitary  regulations  it  provided  that  no  action  should  be  taken  for  a 
five-year  term.  We  have  just  completed  a  very  long  drawn-out 
discussion,  getting  evelrybody  to  -agree  to  the  sanitary  regulations. 
If  we  argue  for  two  days  on  that  set  of  records,  we  will  be  where  we 
^ere  and  work  done  on  that  will  be  lost,  and  I  would  suggest  that 
these  suggestions  be  referred  to  a  standing  committee  or  a  special 
committee  on  amendments.  If  we  do  anything  now,  it  will  throw 
the  whole  thing  into  chaos. 

(It  was  moved  and  seconded  that  tlie  matter  be  referred  to  a 
ft)minittee.) 

Doctor  Welch.  These  things  suggested  for  amendment  are  re- 
ferred to  the  executive  committee  of  State  and  Provincial  health 
oflicers,  and  I  would  be  inclined  to  accept  the  report.  The  general 
'ode  has  been  published,  distributed,  and  adopted  by  the  State  of 
Alabama,  and  we  do  not  want  to  be  bothered  with  adopting  more 
tmendnifints.  We  have  adopted  some  amendments^  and  they  have 
not  gotten  cold  from  their  adoption.  Since  these  have  been  printed, 
ve  are  opposed  to  any  amendment  of  the  code  at  the  present  time 


6  TRANSAGTI017S  OF  XHK  TWENTIETH  ANNUAL  C027FEBEKOE. 

Doctor  CuMMiNO.  The  Chair  will  entertain  a  motion  to  lay  it  on 
the  table. 

Doctor  Welch.  I  move  that  it  be  laid  on  the  table. 

A  Member.  I  second  it. 

Doctor  CuMKiNO.  All  in  favor  of  laying  the  motion  on  the  table 
for  the  present  time  wiU  say  ^  aye." 

(Motion  carried.) 

A  Member.  There  wiU  be  no  need  for  continuing  the  committee, 
will  there?  If  you  are  only  going  to  take  it  up  within  five  years 
time  there  is  no  need  of  the  committee. 

Doctor  DowLiNo.  I  move  that  the  committee  be  discharged  with 
the  thanks  of  the  conference. 

.Doctor  Gumming.  Is  there  any  discussion  on  thisf 

Doctor  DowLtNG.  I  want  to  say  this:  I  will  read  the  report: 

(Doctor  Dowling  thereupon  rei^d  the  report,) 

This  was  merely  a  suggestion,  not  a  recommendation.  As  I  said, 
if  you  are  not  going  to  consider  anything  except  in  five  years,  it 
would  be  carrying  dead  matter  to  carry  a  committee. 

Doctor  Cttmmino.  I  was  not  attempting  to  influence  the  decision. 
1  suggested  one  method  of  disposing  of  it,  temporarily  laying  it  on 
the  table.  I  have  not  appointed  a  committee.  I  can  talro  it  up  at 
any  time.  The  Chair  is  a  little  confused  about  the  parliamentary 
condition  of  the  motion,  and  particularly  with  reference  to  the  com- 
mittee to  which  Doctor  Freeman  alluded.    What  committee  is  thati 

Doctor  Fresman.  The  committee  on  standard  railway  sanitary 
code,  and  the  provincial  health  officers,  which  has  just  completed  the 
work  of  getting  everybody  into  a^«ement  on  the  problem,  and 
which  I  think  was  discharged  at  the  meeting  just  held. 

A  Mbhbxr.  That  is  correct,  and  the  report  was  approved  by  the 
service  and  distributed. 

Doctor  CuMMfN<v  The  Chair  does  not  claim  to  be  a  parliamentary 
expert  at  all,  unfortunately,  and  we  want  to  dispose  of  this  thin| 
after  a  full  discussion.  I  am  open  to  suggestion  as  to  what  to  d< 
about  it. 

Doctor  Dillon.  A  standard  railway  code  has  been  promulgate< 
and  adopted  by  a  number  of  States,  and  it  will  be  adopted  by  othei 
States.  It  seems  to  me  the  height  of  folly  to  change  the  code  jns^ 
as  soon  as  you  have  adopted  it,  by  making  minor  changes  in  it,  an4 
1  believe  that  a  period  once  every  five  years  for  a  revision  of  tha 
code  is  amply  often  to  revise  it  or  change  it  to  meet  the  growin] 
conditions  and  growing  needs,  and  I  see  no  reason  why  suggestion 
of  this  kind  should  be  adopted  or  rejected  one  way  or  the  othei 
If  they  are  adopted  now  and  held  in  abeyance  for  lour  or  fiv«  jear 
they  are  forgotten,  and  it  occurs  to  me,  if  a  conunittee  could  b 


appointed  in  1984  tfO  begin  oOndiddring  th^  tilings  that  iHU  coni§ 
op  for  revision  at  the  end  of  the  five-year  period,  that  that  #(nlld 
be  the  time  to  begin  making  i*eports  tot  the  ^hangts  6f  tules  (jA  sahi- 
todoD  of  railway  coaches  and  conveyances. 

Doctor  DowuNo.  May  I  say  for  the  committee  that  the  report  is 
15  follows : 

(Doctor  Dowling  thireupon  retd  the  repf^tU) 

1  think  you  will  do  remarkably  wtfl  if  yon  enfot*ee  thanw  I  am 
willing  to  withdraw  the  suggestion,  with  tha  hopa  Uiat  it  will  be 
eafbroed}  and  I  would  like  to  have  somebody  teporl  ffotn  ona  Stale 
where  they  have  been  enforced. 

Doctor  ("uMMiKo.  This  is  the  original  report. 

Doctor  Dowling.  We  will  withdraw  the  suggestion.  It  was  made 
as  a  suggestion,  and  not  to  be  adopted  ai6  a  regulation.  It  is  made 
m  I  BUggeation,  food  for  thought  You  will  all  agi^ea  that  «xpedient« 
mrile  spitting,  and  of  all  the  people  that  Should  not  a^it  afe  the 
brtltb  officers  of  the  varioug  States  of  the  United  States. 

A  MiifBBfi.  I  move   that  the  atnanded  rapoit  be  received. 

Doctor  CusiMiKo.  la  there  anv  discussion  f 

A  McMBEit.  I  second  it. 

Doctor  CuMMtNG.  All  in  favor  of  the  ado(ition  of  the  amended 
nport  will  so  signify  by  saying  **  aye." 

(Tha  report,  amended  by  leaving  out  the  second  paragraph,  wa^ 
idoptid.) 

Doctor  CuMMiKo.  The  report  on  interdtat^  quat^Atine  ilegulations, 
Dr.  John  S.  Fulton. 

Doctor  P'tjLToK.  No  suggestions  of  any  kind  modifying  the  ihter- 
a«te  quarantine  teguJations  have  come  to  my  knowledge,  fto  there 
k  therefore,  no  report. 

Doctor  CuMMiKo.  Report  on  rural  health  worfc,  Dt.  W.  S.  Bankin. 

Doctor  KaKiLm.  I  would  like  to  suggest  that  that  be  postponed 
until  the  afternoon  seasion. 

Doctor  CtTMMiNG.  Is  that  agreeable  to  th^  (ihairman  of  tha  com- 
Btitteef 

Arrangement  has  been  made  with  Doctor  Williams  for  the  con  fer- 
tace,  after  the  lunch-time  period,  to  meet  in  the  Arlington  County 
odorthouse,  to  give  Doctor  Williams  an  opportunity  to  show  some 
anitary  work.  He  consulted  with  most  of  you  gentlemen,  and  it  1^ 
igreeable.  Conveyance^  will  be  down  here  to  carry  yoii  over  to  meet 
a  Arlington  County  courthouse. 

The  report  on  trachoma,  Dr.  John  McMullen. 

Doctor  PxERCK.  If  Doctor  Rankin  will  give  his  report  this  after- 
toon.  I  would  aak  that  MisS  Thelberg  be  given  the  floor  at  this  time. 
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She  wants  10  mmutee  to  show  how  women^s  organizations  can  co- 
operate. 

Doctor  CiTMMiNG.  Is  there  any  objection  ? 

(No  objection.) 

COOPERATION  OF  WOMEN'S  ORGANIZATIONS. 

Doctor  THEiiBERG.  Officers  of  the  State  and  Territorial  health 
authorities,  to  whose  kindness  I  owe.  this  opportunity  to  present  ju^ 
the  merest  glimpse  of  what  we  women  want,  what  we  are  inter- 
ested in,  and.  how  most  of  all  we  want  to  help  you  in  your  State  and 
Territorial  work,  it  requires  some  courage  to  face  so  large  a  body  of 
distinguished  men  and  women,  but  courage  is  a  relative  thing,  you 
know. 

You  haye  all  heard  of  the  man  who  slept  with  lions.  This  man 
was  a  menagerie  keeper,  and  before  the  passage  of  the  eighteenth 
amendment  he  came  home  and  did  not  like  to  go  upstairs.  Then  he 
bethought  himself  of  the  lion's  cage,  and  after  hesitating  awhile  he 
went  across  the  street  into  the  stables  where  the  animals  were  kept, 
and  he  rolled  back  the  door  of  the  lion's  cage  and  crept  in  and  spent 
the  rest  of  the  night.  In  the  morning  his  wife  awakened  and  found 
that  he  was  not  by  her  side,  and  she  was  very  angry.  She  could  not 
find  him  anywhere,  imtil  it  occurred  to  her  that  s^e  must  feed  the 
animals,  and  she  hurried  across  the  street  and  looked  in  the  door  of 
the  lion's  cage  and  saw  her  husband  lying  alongside  of  the  lion,  and 
she  said, "  Come  out  of  there,  you  coward." 

It  is  not  a  matter  of  cowardice. 

We  thank  you  for  asking  us  all  here,  and  I  thank  you  personally 
for  giving  me  the  chance  to  tell  you  that  story  and  say  some  other 
things.    You  will  remember  the  story. 

I  want  to  tell  you  about  our  meeting  yesterday.  We  had  a  meeting 
of  the  advisory  council,  and  it  was  a  most  instructive  and  interesting 
day.  We  had  the  very  great  pleasure  of  listening  to  Doctor  Hamil- 
ton, and  we  were  so  proud.  I  wish  that  you  could  have  heard  Doctor 
Hamilton  speak.  The  doctor  is  perhaps  the  greatest  authority  upon 
industrial  hygiene,  not  only  in  America  but  in  the  world.  We  are 
indebted  to  her  and  others  who  instructed  us  yesterday. 

We  passed  some  resolutions  in  relation  to  industrial  hygiene.  We 
feel,  as  women  workers,  that  we  are  too  profoundly  ignorant  about 
the  basis  of  industrial  hygiene;  and  I  am  sure  that  the  resolution  w^ 
passed  in  our  hearts  as  well  as  those  we  passed  on  paper  will  be 
handed  up  higher,  and  we  will  be  stimulated  by  that  meeting  yester- 
day, become  more  intelligent  in  relation  to  the  basis  of  industrial 
hygiene,  and  we  will  endeavor  to  extend  that  intelligence  into  the 
organizations  which  we  represent,  and,  further,  into  the  educational 
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iDiltftiitioDB  which  acme  of  us  represent  and  in  which  all  of  us  are 
pcolcmndly  interested. 

Is  tiiere  any  reason  why  courses  in  general  sanitation,  with  par- 
ticnlar  attention  paid  to  industrial  hygiene,  should  not  be  put  into 
our  colleges,  both  for  men  and  for  women  ?  Is  it  not  possible  that 
oor  Government  in  general  or  the  two  Houses  of  Congress  might  be 
Bade  ntcn  intelligent  if  during  their  college  days  or  later  high-school 
days  the  Members  should  have  had  the  benefit  of  such  a  course? 
Would  not  health  eonditicms  improve  by  the  introduction  of  such 
coorses  in  our  schools?  We  teach  a  great  many  things  which  are 
infinitely  less  interesting  and  less  important  to  life  in  general  than 
^och  courses  would  be. 

About  yesterday :  In  relation  to  our  present  fears,  I  want  to  tell 
700  one  or  two  things.  You  do  not  know  how  interesting  these 
woBien  in  the  back  of  the  room  with  you  are.  For  instance,  we  have 
vicfa  us  Mrs.  Fernandis,  who  represents  250,000  colored  women  of 
Anerica,  all  organized  into  well,  finely  acting,  intelligent  club  peo- 
ple. That  is  a  tremendous  force,  a  force  to  be  reckoned  with  in  the 
work  which  we  want  te  do  among  people  of  her  color  in  this  country 
of  ours. 

I  sat^  daring  the  international  council  in  Norway,  during  that  whole 
10  days  by  the  side  of  the  then  president  of  the  colored  women's 
organization,  a  graduate  of  Oberlin  University.  She  is  of  a  family 
of  10  diildren,  and  all  of  them  are  college  graduates ;  Mrs.  Talbot 
*i8  mo6t  honored  in  Norway,  and  was  a  great  and  valuable  addition 
to  the  intelligence  of  the  American  women's  council  delegation. 

We  have  here  also  Mrs.  Tilton,  of  Massachusetts,  who  represents 
WOfiOO  women,  the  Parent-Teachers  and  Mothers'  Congress  Asso- 
ciation. If  you  could  secure  the  votes  of  those  women  in  sanitary 
neasores  in  all  the  States  of  the  Union,  you  would  carry  many 
things  which  you  find  difficult  now. 

Abo  we  have  with  us  Mrs.  (also  Doctor)  Goldsmith,  of  Pitts- 
ta^,  who  represente  the  Jewish  Women's  Council  of  America,  not 
thoosands,  but  a  million^ women  of  extraordinary  intelligence,  of 
otraordinary  interest  in  matters  pertaining  to  the  welfare  of  the 
<Tnmtry,  which  is  our  country. 

We  also  have  a  representative  of  the  Medical  Women's  National 
AsQciation  here,  not  thousands,  hundreds,  but  a  very  great  number, 
{ickcd  women,  women  of  great  power  in  their  communities,  and 
vunen  whose  power  is  being  extended  by  the  closest  cooperation 
^idk  the  women  of  their  vicinities  or  the  communities  in  which  they 


We  have  also  a  representetive  of  the  Women's  Foundation  of 
Health,  which  represents  14  national  societies.  That  runs  up  into 
'-M  millions.     They  have  a  great  ideal,  those  women  have. 
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You  retnembfer  wheli  Jtoti  PauI  Richter  lay  dying  h«  sAld^  **  tilVfr 
me  a  great  thought  that  I  may  quicken  mj^H  with  it.'*  TheSfe 
woineti  hav^  gotten  hold  of  ^  gteat  thought,  th^  thought  of  h^alih, 
as  a  po^tiVB  ftictor  in  humftti  lif«.  W^  hayi;  thut  thought  knd  afe 
looking  fotWat-d,  but  thfey  at^  adVahtiiftg  that  thought,  trying  to 

advance  health  as  a  n^w  prt^ntation  Of  a  thought,  fthd  they  ^r^ 
also  becoming  moi*e  and  mote  twmdndouBly  poi^efful,  lind  theif 
powet  is  added  to  by  the  fact  that  they  rtpreaent  the  hundk^ds  of 
thousands  of  women  of  the  Y.  W.  C  A.,  one  of  the  strongest  factors 
for  good  in  our  land. 

We  have  representatives  of  the  League  of  Catholic  Women,  which 
runs  again  into  millions. 

We  have  a  representative  of  the  League  of  Women  Voters,  hun- 
dreds of  thousands,  represented  by  Women  of  great  ability. 

We  have  the  General  Federation  of  Women's  Clubs.  With  that 
association,  to  which,  1  suppose,  most  of  your  wives  belong,  you 
are  more  familiar.  Four  million  women  are  incorporated  into  the 
women's  clubs  in  this  country.  Think  of  the  power  for  good,  and 
the  possible  power  for  evil.  They  may  be  led  astray  hefe  and 
there  by  faddists  and  by  quackery,  but  it  is  up  to  us  and  to  you  to 
educate  them  so  that  they  will  be  sane  on  all  the^e  subjects. 

These  four  million  organized  women  are  mUch  more  in  the  habii  of 
addressing  audiences  than  I  am.  It  will  never  be  sftid  of  them  as  it 
was  said  of  a  Senator  some  time  ago.  He  had  been  talking  for  two 
hours,  and  somebody  said,  "The  Senator  has  been  talking  fof  tWo 
hours."  "What  about?*'  " tte  did  not  say.*'  When  they  talk  they 
know  what  to  say. 

We  have  a  representative  of  the  National  Council  of  Women  of 
America  representing  11,000,00()  women.  That  is  a  good  mahy 
women,  isn't  It?  It  is  frightful  to  think  of.  Matthew^  Arnold  said 
a  long  time  ago  that  if  women  ever  got  together  for  a  good  purpose 
they  could  make  the  world  over.  You  have  given  us  the  vote. 
Some  of  us  ai*e  ready  and  some  of  us  are  not  ready,  but  we  Want 
to  get  ready.  It  is  a  source  of  great  pride  to  us  representatives  of 
these  hundreds  of  thousands  of  women  that  you  ask  us  to  come  here 
to-day.  Did  you  ever  stop  to  think  that  we  are  all  members  or 
citizens  of  some  State  or  Territory?  We  care  for  our  State  pro- 
foundly. We  look  upon  you  and  upon  your  functions  with  (I  do 
not  think  I  go  too  far  when  I  say  this)  reverence.  It  is  one  of  the 
greatest  things  and  greatest  ambitions  that  any  human  being  can 
look  forward  to,  to  be  in  charge  of  health  conditions  in  a  State  or 
Territory.  None  of  us  women  has  done  that  yet,  and  perhaps  none 
of  us  ever  will,  but,  gentlemen,  it  is  my  opinion  that  the  sooner  we 
get  into  straight  political  lines  of  work,  the  better;  not  definitely 
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ior  oifie^,  %nd  yet  there  are  women  who  fidarn  the  office  which  t(>ey 
fili 

I«  thcff^  «  more  uselul  woman  than  IXr*  Josephine  Baker,  of  New- 
It  ork  City,  who  hits  ao  reduced  the  deatb  rate  in  her  city  that  it 
ia  lower  than  the  rural  death  rate  anywhere  in  our  country  ? 

Yi^  womcoi  have  walked  along  the  primrose  pathfi  ol  philanthropy 
a  great  many  year&  It  taught  ua  a  great  deal,  but  I  firmly  believe 
Uiit  if  we  are  going  to  do  the  heft  )ob  we  can,  we  shall  get  in  the 
^rait^itu^tb  of  politics;  yep,  even  of  political  preferment^!  am 
Qoi  aabAmed  of  an  ambition  that  way,  though  I  have  not  any  per- 
souUy — but  J  have  a  great  re^)ect  for  the  young  woman  who  hna. 
and  I  beliave  that  we  have  exerted  that  influence  of  onrs  in  un^eep 
wajfa  to  Uttle  avail*  There  haa  b^en  more  talk  than  anything  else. 
Why  should  not  women  have  an  ambition  to  be  health  o^oers  in 
thiir  Ipwn  and  village  ?  Some  of  them  have  been  fine*  Why  ^quld 
not  they  get  on  the  local  health  board  ?  Why  should  they  not  effect 
good  toward  righteousness  and  toward  that  intangible  thing  which 
we  call  health  of  mind,  body,  and  spirit?  We  thank  you  for  the 
o|4>ortttiiity  of  cwiing  here  and  learning*  We  are  perfectly  con- 
scious that  ii?e  do  not  know  the  game  yet.  We  want  to  learn.  We 
teamed  yesterday  and  we  are  learning  to-day. 

I  never  attended  a  meeting  in  my  life  which  so  increased  my  intel- 
ligHice  93  the  lAieeting  I  attended  in  Boston  with  many  of  you  gentle- 
men last  year. 

I  am  grateful  to  the  Surgeon  General  for  the  invitation  to  that 
neetiag,  and  I  am  sure  that  we  are  all  grateful  for  the  opportunity 
to  be  bore  with  you  to-day* 

I  thank  you. 

Doetor  CxmniViQ.  I  am  sure  I  express  the  views  of  aU  of  you 
when  J  thank  the  preceding  speaker  for  the  interest  of  the  women 
ia  our  work. 

Doctor  ScHEREscHEwsKT*  I  wiU  aunouwe  the  members  of  the  res- 
Qhitaom  e<N»Biittee.  They  are  Doctors  Dalton,  Fultcm,  Crumbine, 
Hoyne,  Dowlziig,  Bankin,  and  S^idJcer. 

Doctor  CuMiii)»i.  We  will  now  hf^r  from  Doctor  McMullen. 

TRACHOMA. 

Doctor  McMvuMS.  Mr.  Chairman  and  gentlemen  of  the  confer- 
enee.  Hie  trachoma  work  has  been  conducted  in  much  the  same  man- 
ner as  in  previous  years.  The  outstanding  features  this  year  are 
the  clinics  and  the  estoblishment  of  an  additional  hospital  in  Arkan- 
tts,  wHh  Hm  thorough  cooperation  of  the  State  board  of  health,  Doc- 
tor Garrison,  and  the  local  authorities. 

Tbe  meet  prominent  piece  of  trachoma  work  during  the  year  was 
1  cBnic  conducted  in  south  Georgia.    It  waa  a  great  surprise  to  me, 
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and  I  presume  it  will  be  to  a  number  of  you,  to  know  that  in  one 
of  the  counties  of  south  Georgia  we  found  active  communicable 
trachoma  existing  in  about  the  same  way  that  we  hare  heard  so 
much  about  and  for  so  long  a  time  in  eastern  Kentucky  and  Ten- 
nessee. The  investigation  was  made  in  the  fall,  at  the  request  of  the 
State  health  officer.  I  personally  made  the  investigation  and  ftund 
entire  families  with  trachoma.  Not  a  few  of  these  had  lost  their 
sight  entirely,  and  even  more  had  lost  the  sight  of  one  eye.  It  was 
very  interesting  to  trace  the  origin  of  this  disease.  It  dated  back 
about  four  generations,  where  it  was  lost.  I  noticed  that  the  State 
health  officer  of  Florida  did  not  respond  to  his  name  a  few  minutes 
ago,  so  I  will  not  say  much  about  that.  The  lady  who  was  the 
mother  of  some  of  the  trachoma  patients,  and  a  patient  herself,  stated 
that  her  mother  had  spent  a  portion  of  her  childhood  in  Florida 
and  had  suffered  with  sore  eyes  at  that  time.  I  wish  the  Florida 
health  officer  were  here. 

The  clinic  in  south  Georgia  was  conducted  by  the  service,  which 
furnished  medical  officers  and  two  nurses;  the  county  furnished  the 
building,  which  was  a  very  modem  hospital,  built  by  some  doctor 
two  years  ago  in  the  hope  of  conducting  a  successful  hospital.  This 
small  hospital  went  the  way  of  the  usual  small  institution  and  did 
not  pan  out  economically,  with  the  result  that  it  was  closed.  The 
county  was,  therefore,  able  to  obtain  the  vacant  building.  The 
clinic  lasted  four  and  a  half  months — November  14,  1921,  to  April 
1,  1922.  The  attendance  was  more  than  3,000 — the  trachoma  cases 
amounted  to  nearly  800 — and  the  operations  were  881.  I  might  add 
that  all  of  the  operations  were  not  on  trachoma.  At  the  request  of 
the  State  health  officer,  the  local  doctors,  the  commissioners  who 
paid  the  bills,  and  the  eye  specialists  we  undertook  to  treat  indigent 
cases.  The  operations  included  anjrthing  from  cataract  to  tonsils, 
adenoids,  etc.  It  might  be  said  that  these  cases  were  done  as'  an 
accommodation  to  the  county  commissioners. 

The  general  trachoma  work  included  27  clinics  in  roral  commtini- 
ties.  At  these  clinics  more  than  6,000  people  were  examined.  Six 
hundred  and  eighty-six  cases  of  trachoma  were  found.  Four  hun- 
dred and  ninety-eight  operations  were  performed,  158  being  done 
under  general  anesthetic. 

These  clinics  were  held  in  various  States,  the  majority  of  them  in 
Kentucky.  Some  were  in  Ohio,  Texas,  Mississippi,  Tennessee,  and 
North  Carolina. 

The  State  of  Kentucky  has  now  a  bureau  of  .trachoma  which  is 
cooperating  with  the  service  trachoma  work.  Other  States  are  be- 
coming more  interested  in  the  trachoma  problem. 

These,  then,  are  the  outstanding  features  of  the  work  for  12 
months.    The  sixth  hospital  has  been  in  operation  only  a  few  weeks^ 


REPOBT  ON   EXCRETA  DISPOSAL,  18 

having  been  opened  in  Arkansas  about  the  middle  of  April.  The 
total  attendance  at  the  other  five  hospitals  during  the  year  was  6,532. 
There  were  561  cases  of  trachoma  among  those  applying  for  treat- 
ment and  687  operations  performed.  Eight  hundred  and  fifteen 
cftses  were  admitted  to  the  hospitals  for  treatment.  The  cost  of 
operating  the  hospitals  is  very  low,  the  average  cost  of  feeding  the 
patients  being  about  50  cents  per  day  each,  though  a  properly  bal- 
anced diet  for  the  patients  is  part  of  our  treatment.  As  I  have  pre- 
viously stated,  these  hospitals  are  conducted  purely  in  the  interest 
of  public  health  and  not  primaril}^  for  the  treatment  of  disease,  and 
the  patients  are  taught  hygienic  Kving,  the  fruit  of  these  teachings 
often  being  the  higher  mental,  moral,  and  physical  standards  that  are 
attained. 

Doctor  Gumming.  At  the  request  of  the  Veterans-  Bureau  we  are 
devoting  a  hospital  now  to  the  treatment  of  trachoma  among  ex^ 
service  men.    This  is  a  very  recent  thing,  since  the  President's  order. 

The  next  report  is  a  special  report  by  Doctor  Stiles — a  progress 
report  of  the  board  appointed  by  the  Surgeon  General  to  study  the 
problem  of  sanitary  disposal  of  human  excreta  in  unsewered  oom^ 
munities. 

ANNUAL  (1921-22)  REPORT  OF  THE  BOARD^ON  EXCRETA  DISPOSAL, 
PRESENTED  TO  THE  STATE  HEALTH  OFFICERS'  CONFERra^CE, 
MAY  17,  1922. 

Doctor  Stiles  submitted  the  following  repbrt : 

From  some  points  of  view  the  Government  fiscal  year  1921-22  has  been  tlie 
most  exceptional  of  the  past  31  years. 

Chaoges  in  Government  methods  as  respects  certain  routine  procedures  in 
tuisinesH  matters,  changes  in  methods  of  accounting,  insufficient  number  of 
permanent  personnel,  uncertainty  as  to  the  future  on  the  part  both  of  perma- 
nent and  temporary,  statutory  and  lump  sum,  commissioned  and  civil  service 
persoonel.  increase  in  reports  required,  but  without  corresponding  increase  in 
personneL  orders  to  save  every  dollar  possible  and  in  addition  to  save  10  per 
i*ent  of  allotments,  nymerous  circular  letters  of  instrqctions,  or  inquiry  of  all 
types,  etc.,  have  all  combined  to  render  this  transitional  year  one  of  unusual 
Jifflculty  in  progressive  work. 

Thi«  is  neither  a  complaint  nor  an  apolog>-,  but  simply  a  statement  of  fact. 

One  might  wonder  how  this  transition  could  seriously  affect  the  work  of  a 
small  unit  like  tliat  of  the  board  on  excreta  disposal.  Permit  me  to  mention 
two  points  in  particular. 

Never  during  31  years  of  Government  service  have  I  known  any  more  ardent 
tlwdre  and  conscientious  effort  on  the  part  of  a  major  bureau  to  expedite  requisi- 
tions than  has  obtained  this  past  year  in  the  Surgeon  GeneraVs  Office,  and  never 
have  I  experlenceil  so  many  delays  in  obtaining  supplies.  As  soon  as  the  new 
onler  of  affairs  shall  have  passed  from  the  transitional  stage  to  a  settled  routine, 
these  delays  (which  are  at  present  unavoidable)  will  doubtless  decrease  both  as 
t»  number  and  as  to  time.  But,  speaking  from  no  small  experience  in  Govern- 
ment life,  I  can  not  escape  the  conclusion  that  in  the  days  /ofc  1891  to  1900  the 
«»nomy  in  a  field  unit  was  greater  than  it  is  to-day,  and  that  this  fact  was  due 
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laf|?ely  to  tlie  greater  deceptr»liwt|©»  pf  p9reb9^iDg--a  plan  which  wius  wi- 
^^n^  possible  by  the  "  Petit  cash  ^ccouqt  **  system  then  allowed  to  adoiiqistn- 
tors  whose  work  would  be  expedited  thereby. 

The  delay  1b  ofllelal  work  due  to  the  flaet  that  the  present  authorised  person* 
nel  on  a  p«niiaiient  basis  Is  not  sufleiantly  Uvg«  to  meat  the  extgenelae  of  tkt 

mrri^  wan  wei)  illopiniiad  in  p^r  bourO,  for  we  huve  loat  our  M^teHoios)* 
twjc^  within  U»s  than  IQ  wontha  and  have  been  without  a  professional  htc- 
terlplogist  for  a  total  of  ahout  three  months.  The  bureau  has  doue  ev^rythioc 
humanly  possible  to  help  us  to  meet  the  situation  thus  developedt  but  you  ctn 
Imagine  the  upset  In  a  bacteriological  research  problem  when  one  iuTestigator 
not  on  a  parmaiieqt  statps  had  to  be  released  because  of  sound  adninijitrative 

H^mmm  before  }iia  svobl^m  wa9  eoni)jeted«  aad  iHmp  tht  buraav.  beeaaae  of 
Uwitac)  partoBpa^,  saw  no  aitamattva  'and  wa<  comptiM  to  taHp  from  ys  bi» 
ayijcawpr-rap  ftxc^Uapt  maw-^uBt  after  he  had  worked  hin^seif  ipto  his  probUm. 

Much  has  been  said  in  the  public  press  about  the  expensive  administrative 
methods  in  Government  service.  So  far  as  the  Public  Health  Service  is  eoD- 
eeniod,  as  I  look  baek  over  this  past  year,  with  the  difRcolties  that  apoae  in  a 
small  unit,  I  matvel  at  tht  fact  that  the  Purgaon  Oaaeml.  with  h|g  major  unit 
and  fOl  iff  it#  many  whaflir  has  ba^  able  to  kaep  hi#  machine  running  under  the 
cirpvmstances  which  faoed  him- 

As  fta^ed  a  inoment  ago,  these  remiirks  are  a  frank  statement  of  facts  and 
are  not  to  be  interpreted  either  as  a  complaint  as  to  conditions  or  as  an  apoloxy 
for  the  point  that  I  am  about  to  report  to  yon  less  oomp}«te  lasalts  to-day  than 
I  had  promised  myself  a  year  ago. 

A.  Ground-wateb  pollution. — At  your  last  conference  I  reported  to  you  that 

a  naw  aad  eytanaiye  Mperifeent  in  gi^uhd-water  pottvllop  wa«  h^ng  phMiivHi. 
Through  the  eoorteay  of  the  War  i>eMrtin«Pt.  tha  board  obtafaad  tht  iwf  ^f  a 

very  isolated  portion  of  the  Fort  Caswell  Reservation  near  9ai|thpart9  N.  C. 
At  that  place  we  started  certain  studies  looking  to  the  pollution  of  the  ground 
water  with  typhoid  fever,  B^^iU^  ooli,  and  uranin.  I  had  fully  ei:peoiMl  to 
give  yoq  the  summarized  results  at  this  meeting,  but  all  I  can  do  is  to  lay  be- 
fore you  certain  details. 

We  have  a  mauB  of  data  on  the  bacteria  |n  the  ground  wntar,  based  Tipon  a 
jstudy  of  numerous  sanlple^  taken  under  a  rigid  laboratory  technique,  but  the 
bacteriologist  who  did  the  work  was  suddenly  transferred  in  an  emergency  to 
other  duty  aud  it  will  take  long  and  many  hours  to  work  up  his  notes,  and  a 
portion  of  the  work  must  be  delayed  u^til  a  satisfactory  successor  is  found. 
There  are»  however,  several  points  in  connection  with  the  study  which  wiU  be 
of  practical  interest  to  yoa. 

(1)  E(j4on*^  tube  rack. — While  Acting  Assistant  Surgeop  Eaton  was  with 
us  us  bacteriologist,  he  devised  a  very  ingenious  tube  rack  to  reduce  labcir^  In 
culture  tests  on  the  BaoiUus  c^  group,  especially  for  typhoid,  but  which  is  of 
course  applicable  to  other  tests  also.  The  device  is  alopg  the  general  line  of 
the  apparatus  described  by  Stimson  and  Neill  (191$)  ^  and  used  in  testing  disin- 
fectants. We  have  found  that  it  is  a  time-saver,  hence  a  money-saver,  and 
if  It  is  uew  to  you  I  recoinmend  that  you  give  it  a  trial.  A  sample  rack  (Figs. 
1-?)  is  before  you  for  examination. 

This  rack  la  made  of  galvanlxei)  iron  and  contains  70  sets  of  0  culture  tubes 
each  (or,  if  one  prefers,  6  sets  of  ^  culture  tubes  each),  but  with  a  common 
cotton  plug  for  all  120  tubes ;  thus  there  is  a  great  saving  in  the  work  as  com- 
pared with  plugging  apd  unplugging  each  tube  separately.  For  purpose  of 
inoculation,  the  metal  rack  is  placed  at  pp  angle  in  a  wooden  or  a  metal  frame ; 
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the  ctivar  is  rulttea  ui)4  f%ittme^  iHlt  fit  •»  iMigl^  wlUch  Nbl^lOs  tl)«  copings  of 
Om  tubes  frova  a|m)v?.  Wlien  tb»  tubeif  are  ipoouUiW,  ttie  eoye?  I0  presned 
ti^t,  thU8  plugging  all  tubes  ut  once,  and  the  rack  is  placed  in  the  incubator, 
thus  giving  siyBchroiioug  resitiCfl  on  20  samptes  for  reaction  with  laetooe,  dex- 
trose, maltose,  monnlte,  litmus  milk,  and  saccharose,  and  substituting  two 
noremeiits  (one  for  plugging  and  one  for  unplugging)  in  the  place  of  240  move- 
Bients  (120  to  plug,  120  to  unplug). 

(2)  CrohurMt*9  pipette  welU. — ^The  problem  of  obtaining  underground  watfr 
laiDples  by  a  surgically  asaptic  technique,  and  at  not  too  great  expense,  has 
at  times  presented  difDcuIties,  especially  in  view  of  the  great  number  of  tests 
that  are  ueceasary.  Our  sanitary  engineer,  H.  R.  Crohurst,  has  now  solved 
the  problem  so  far  as  our  work  is  concerned,  for  he  lias  devised  two  types  of 
wtlls  (Figs.  8-4)  which  are  practicaUy  susc^icaUy  aseptic  pipettes.  Ona  of  these 
types  is  so  simple  in  its  installaUon  t^at  a  few  days  ago,  under  very  favor- 
able circumstance^  as  to  soil,  he,  with  one  helper,  installed  21  of  them  tn 
«boQt  one  hour.  The  time  necessary  for  installation  varies,  of  course,  with 
the  nature  of  the  soil  and  the  depth  of  ground  water. 

Smaller  pipette  well:  The  well  itself  (fig.  3)  consists  simply  of  a  one-ei^tb 
indi  pipe  of  the  desired  length,  with  a  copper  screen  at  the  lower  end  and  an 
elbow  with  screw  plug  at  the  upper  end.  The  hole  in  the  ground  is  made 
by  ginkhig  a  plunger.  FPr  this  purpose  we  use  either  a  one-eighth  inch  pipe 
tlireaded  at  one  end  on  which  a  point  is  screwed,  or  if  the  resistance  of  the 
in'ouad  is  greater  we  use  a  solid  iron  bar.  This  plunger  is  forced  to  a  desired 
depth,  then  cautiously  withdrawn,  and  the  well  pipe  is  inserted.  The  lumen  of 
the  well  pipe  can  be  chemically  sterilized  in  the  laborator^r,  if  desired;  the 
plunger  and  the  outside  of  the  well  pipe  can  be  flame-sterilised  in  the  field 
by  use  of  a  plumber*s  torch;  thus,  the  well  can  be  ^nken  bacteriologlcally 
Kterlle  from  air  contamination.  If  by  chance  the  screen  becomes  plugged,  an 
automobile  tire  pump  is  attached  at  the  upper  end  of  the  pipe  and  the  screen 
Hi  soon  freed  from  obstruction. 

To  draw  the  samples.  Crohurst  has  adapted  an  ordinary  pitcher  pump  in  the 
manaer  shown  in  the  diagra^.  You  will  notice  that  the  pump  is  screwed  on  a 
Hbort  blind  *pipe  which  serves  to  hQl4  the  priming  water.  This  pipe  Is  tapped 
by  a  one-eighth  inch  short  lateral  pipe,  connected  by  a  rubber  hose  with  one 
of  the  two  glass  rods  extending  through  the  rubber  stopper  of  a  retort.  The 
second  glass  tube  of  the  retort  is  connected  with  a  rubber  hose  to  one  of  the 
two  glass  tubes  perforating  the  rubber  stopper  of  a  sample  bottle,  and  the  sec- 
ond glass  tube  of  tliis  bottle  carries  at  its  end  a  small  perforated  rubber  itop- 
per.  The  latter  is  then  fitted  into  the  elbow  of  the  pipette  well  after  tha  0orew 
plug  has  been  removed.  It  is  obvipus  that  with  proper  preoautions  as  te  sterili- 
zation an  absolutely  noncontaminated  specimen  can  be  taken. 

This  device  is  proving  of  great  value  in  our  work,  and  it  require^  no  special 
iuiagination  to  see  that  it  can  prove  very  useful  in  making  tempori|ry  sample 
wells  for  various  explorers  and  possibly  wells  for  drinking  water  for  sonie 
camping  parties.  It  certainly  opens  up  increased  facilities  in  exploring  groui|d 
w«ter. 

L4irger  pipette  well :  &Ir.  Croliurst*s  first  important  improvement  on  tl|e 
pitcher  well,  from  a  standpoint  of  sampling  ground  water,  is  shown  in  Figure  4. 

Tlie  wells  consist  of  a  1 1-inch  pipe,  with  strainer  point  on  the  end  drlv^ 
fa^  ground  water,  similar  to  the  ordinary  driven  well.  On  tbe  tpp  of  the 
well  pipe  at  the.  surface  of  the  ground  there  is  placed  a  H-inch  check  valve, 
^wninn  upward,  above  whieh  is  a  leiigtb  of  li-ioch  pipe  2  l«et  ft  iiMhts  toog, 
^ped  at  th«  top,  Thia  Ufvm  a  re«ervpir  abovt  th«  valve.   The  oat  at  the  top 

of  the  well  is  tapped  and  fitted  with  a  one-eighth-inch  nipple  and  elbow,  into 
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whicli  a  plug  Is  screwed  for  protectKn  between  times  of  aamplIOE.    Jon  &bove 
tbe  check  TSlre  In  tbe  riser  pipe  mere  Is  placed  a  one-elg;tith-lnch  hniss  stnp- 


%4. 


MlrttKSt 

ottaci 


Satnplw   I 


l-'W'cap 


t^'pipK  32'/en^ 


cocfc,  tbroagb  which  BatiipleB  are  drawn.     Below  the  valve  there  in  ii  one- 
elghtb-lnch  nipple,  elbow,  and  abort  strnlght  i^sgth  of  pipe,  the  end  i>f  which  ■> 
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BtKd  wttb  a  valve  to  permit  the  witter  to  foil  back  into  tiie  well  to  tlie  water 
tabk  after  the  sample  has  been  tatcen.  In  the  straight  length  of  pipe  absorbent 
fottoo  Is  placed,  through  which  the  air  passes  that  enters  the  well. 

In  operation  the  plug  In  the  one-elghth-hich  elbow  at  the  top  of  the  pipe  is 
placed  In  tiie  coupling  in  tlie  one-eighth-inch  fitting  l>elow  the  valve.  The  snc- 
tioD  uf  the  pmnp  shown  in  Figure  3  Is  screwed  into  the  fitting  at  the  top  and 
rhe  pomp  operated  In  the  usual  manner,  which  raises  the  ground  water  into  the 
n!«nolr  above  the  valve.  The  weight  of  the  water  above  the  valve  closes  the 
valte  and  holds  the  water  in  the  reservoir.  The  sample  is  taken  from  the 
nae^glith-lnch  brass  stopcock.  After  the  sample  is  collected  the  plug  Is  re- 
moved from  the  fitting  below  the  valve,  and  this  allows  the  water  in  the  casing 
to  fall  back  to  the  water  table,  and  the  plug  is  then  placed  in  the  fitting  at  the 
lop  of  the  pipe,  after  which  the  well  Is  entirely  closed  until  the  next  time  for 
mnpling. 

Oor  pits  and  wells  ure  at  present  arranged  in  6  groups,  and  we  expect  to  add 
12  additional  groups  in  the  near  future. 

Group  100  is  used  for  a  pure  typhoid  experiment,  to  test  out  especially  the 
t lability  of  our  cultures  of  Baciltus  typhosus  iii  competition  with  the  subsoil 
aod  i^rrnind  water  bacteria  in  this  particular  soil.  Unfortunately  our  finances 
do  wt  permit  us  to  subsidize  a  typhoid  carrier,  so  that  of  necessity  we  must  at 
prwpnt  use  pure  cultures  of  typhoid. 
Oroop  aOO  is  used  as  control. 

Group  300  represents  a  combhied  B,  coii  plus  B.  tffphosui  experiment. 
Group  400  Is  used  for  special  observations  on  the  water-table  changes. 
Oroop  SOO  is  used  for  a  combined  uranin  and  B.  ooH  test,  which  has  recently 
Iwfl  utarted.  In  this  experiment  we  expected  to  bury  large  quantities  of 
Dranin  and  of  human  feces  directly  into  groundwater,  but  as  a  result  of  the 
rMoction  of  the  siKe  of  the  Army  most  of  the  soldiers  from  whom  we  expected 
to  draw  our  supply  of  excreta  were  sent  away  from  the  fort,  so  that  we  haA'e 
be«o  forced  to  use  cow  dung  thinned  with  water,  a  substitution  which  in  this 
pttiticular  test  seems  to  be  Justified  despite  the  fact  that  It  is  Hobson's  choice. 
Prior  to  dosing,  hundreds  of  examinations  of  the  ground  water  and  of  the 
natural  soil  and  subsoil  had,  according  to  Dr.  Eaton,  failed  completely  to  show 
the  presence  of  B.  coli  in  the  fields  where  we  are  working. 

On  the  fifth  day,  after  the  first  (April  25, 1022)  dosing  of  the  pit  with  dUuted 
cow  dung  plus  dissolved  uranin,  a  rain  resulted  in  raising  the  water  table  B 
Indies,  but  up  to  this  day  (April  25)  the  result  of  the  experiment  was  negative. 
On  the  seventh  day  uranin  was  recovered  from  a  well  12  inches  away  from 
tb«  trenrh.  while  20  other  wells,  all  within  4  feet  of  the  infected  trench,  were 
sruiln  negative,  and  all  21  wells  were  B.  coli  negative. 

On  the  eighth  day  uranin  was  recovered  from  6  wells  up  to  82  inches  from 
iie  fecal  trench ;  B.  coli  seemed  to  lag  somewhat  behind  the  uranin,  but  It  was 
fwtjvered  from  4  of  the  0  uranin  positive  wells  and  up  to  a  distance  of  24 
iaches  from  the  trench. 

<nk  the  ninth  day — namely,  after  eight  days*  work — uranin  was  recovered 
b)  9  wells  spaced  12  to  48  inches  from  the  trench,  while  21  wells  from  12 
to  48  inches  were  uranin  negative;  1  well,  which  had  been  uranin  positive, 
hut  BjcoU  negative,  on  the  seventh  and  eight  days,  and  which  is  82  inches  from 
^  trench,  became  B,  odi  positive  on  the  ninth  day,  thus  showing  a  lag  of 
rw*»  days.  Beginning  with  this  day,  wells  which  had  been  found  both  uranin 
»ad  B,  coli  positive  were  not  as  a  rule  reexamined  for  B.  coH. 

Prom  the  tenth  to  the  nineteenth  day  (May  13,  1922)  no  additional  wet! 
t^rame  positive  either  for  uranin  or  for  B.  coli,  although  one  well  (28  inches 
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from  tbe  pit)  which  had  4howi|  post^vi^  fpr  hoth  uranin  and  B.  wU  h^cau^ 
neflK^tive  tor  B.  cqH  whU^  1%  9(11)  p^PtlLinea  vrf^nlll. 

Dry  weather  foDowed  frpn*  the  Qtoth  to  ttk%  tw^ntl^th  day ;  PfOjoroaaive  ppUu- 
tiop  could  90t  be  prov^,  hut  w^  fwaitad  with  Intepiat  tha  altacta  Qt  tha  next 
ralp. 

Oq  tlia  8event9«*nth  day  eyeota  took  a  sudden  uad  uui»3kpactad  tum*  T>r 
watar  ai^mpiaa  ware  entirely  negative  hayopd  4  feat  froiM  tha  traPfUi,  but  » 
departure  io  the  routine  diaciosed  a  amaU  f raeniDh  sppt  lo  tha  capUla^y  frioge 
«bi)ve  t|ie  watar  table  10  feet  from  the  traocb  (  a  lAoii  aampla  fn)m  thin  $i^i  wa^ 
washed  in  watar  aod  this  proved  popitlv#  for  urauin.  3or|n|pi  wera  imma- 
diateiy  mada  at  v^r|ouH  pointa  and  it  waa  found  that  tiw  urapiu  waa  praaant 
In  tha  capillary  frin^^  iihovo  tha  watar  table  and  outward  away  from  tha  tranch. 
On  thia  (tha  aaventaanth)  day  ftve  aoP  aanu>lea  from  the  capillary  frin^ga  were 
uranin  positive ;  three  of  these  were  presmnptive  B.  coli  positive  at  71,  fi,  and  l(> 
f^et  and  two  ware  presumptiva  B-  c^  nagativa  at  IQ  and  iXi  faati  reapactiyaly : 
four  samples  were  both  uranin  and  B.  cqU  nagatlva  at  7},  m,  I2i,  and  %^  feat. 

raapaetlvaly ;  au  of  thafta  samplaa  ware  taken  |n  tha  downhill  diracthm  frow  ti^* 
pit,    Conflrmatlon  raporta  uu  the  ^.  oaf<  presumptive  are  not  yet  in  roy  handa* 

On  tha  eightaauth  day  two  ioH  samplea  1  and  Z  faat,  reapoctively.  op  tlie 
uphill  side  of  tlia  polluted  tram^h  ware  negative  both  for  uranin  and  for  B,  ooU. 

On  the  nineteenth  day  three  soil  samplaa  frum  the  caplUaO'  fringe  ott  the 
downhill  side,  and  6,  10,  and  12  feet,  respectiyaly,  away  from  t3|a  pollated 

trench  wara  uranin  poaitlvai  whlia  four  san^pi^a  from  tha  fringe  ^.  4,  9,  and  i^ 
feet,  reapactivajy,  downhill  from  tha  tranch  y^^Pi  uranin  iu^ti?a.  Of  the 
thraa  uranin  poaltiva  aawpies,  two^nam^y,  at  d  and  10  feet— -gave  presumptive 
positive  test  for  B,  ofm  within  M  hours,  but  tha  conftnuatiou  testa  are  not  yet 
completed. 

Qu  the  twanty*0rat  day  a  poll  sample  from  tha  capillary  fringe  17  feat  awa> 
from  the  trench  waa  uranin  poaitiva.  but  tha  water  la>'ar  baiow  it  waa  uranin 
negative,  lyhiia  a  well  71  faet  from  tjbe  ttench  waa  uranin  poalt|ve. 

The  uranin  hand  was  approximately  2  Inches  thick,  lutenaal>'  green  at  aunu^ 
polnta,  acgroQly  discernible  at  othara,  but  easily  brought  out  proniinnntly  in 
either  of  two  ways,  namely :  Fli^t,  hy  waahUM(  the  aand  in  a  bottle  or  teat  tuhe; 
second,  by  shaking  tiie  sand  in  a  bottle  tha  Inaide  of  whixri)  was  slightly  moia- 
tanad  with  condantpatlon  water.  The  washing  method  is  the  better.  At  a  time 
when  the  uranin  waa  found  in  tha  capUh^ry  fringe  19  feet  frpm  the  trapcb  it 
could  not  be  locatad  In  any  of  our  wells  move  than  ^  feet  from  the  trench ;  ui> 
to  thia  time  B^  w^i  was  traced  as  far  away  from  the  trench  as  32  inches  in  the* 
wells,  and  according  to  the  preaumptiva  ^^^hour  teat  B.  cvii  was  present  In  the 
capillary  fringe  10  feet  awa^r  from  the  trench. 

Ppsaihly  it  is  known  to  ytm  that  uraiiln  appears  in  tlds  way  In  the  capillary 
fringe  and  can  be  found  In  the  soil  even  whan  the  ground^water  e^aminatlop 
is  nagatlva    Jt  is,  however,  a  new  point  for  us  and  It  opans  up  a  nuniber  of 

very  practical  questions.    We  have  had  experiments  in  wblch  our  uranin  hai$ 

s|midy  disappeared  from  view  and  has  not  bean  found  later;  we  had  ^n^  ex- 
periment in  which  the  uranin  was  lost  to  view  for  pipe  months  and  than  sud- 
denly and  unexpectedly  appeared  ip  our  weUa.  W^  have  been  at  a  loa?  ti> 
know  what  had  happened*  but  now  the  thought  suggests  itself  that  tha  uranin 
might  have  entered  the  capillary  layer  above  the  ground  wat«*r  and  had  later 
been  washed  dowp  by  a  rise  in  the  water  table. 

All  sorts  of  theoretical  questions  arise ;  for  lnstan<*e.  did  this  uranin  actually 
M-avei  laterally  in  the  capiUary  frijig^,  or  wts  it  left  up  there  hy  a  dedlnt  of 
the  gruund^water  table  due  to  sudden  evaporation  and  other  factors,  bnt  not 

showing  in  our  present  water*table  wells?    In  this  latter  event  why  did  tbe 


nrtnlfl  not  show  in  the  ^rnttnd  #ater  fld  tut  aWtiy  fl*oni  tb^  tt«lich  iis  it  did  itl 
ti0  eipUkiry  friiiget  or  Wtiy  was  11^  gt^ii  bfttid  ohiy  u&out  2  ii«^M  Itt  depth? 

Ofrrloolly  tli«  slirAificAiice  (ft  fihes^  obi^r^flOu^  on  tbe  pt^ti^iif*^  of  tirftnin 
m  Uw  MiMIIftry  frlti^  f^trtiilnfl  fot*  the  tnoniMi  «ilb  jUdi<«  as  a]1plied  to  the 
^fvntod  of  bafiefial  ittfectioli.  We  had  fiot  eon«id«t*efd  tb^  cdpllhify  fritt^  (in 
Mnilttflsftn  with  t1>e  water  tiible)  fls  a  pfACtieftl  f&<«tor  in  the  lateral  ^fead 
of  infection,  although  we  had  considered  it  in  connection  with  the  vertical 
tptmd  dmrft  tf>  tbe  wafer  table.  Bbt  it  fieenm  ^\ekr  that  fh^  capillary  fringe 
oort  be  «Cudled  in  cotkbeetfon  With  Che  pr<yblefti  df  luteHil  ctpfead. 

Oie  dfdnctloft  of  distiix^tiy  practt^di  itnportance  ii^  Jtistlfifsd  from  th^  resttita 
tHM  fir  olKatned.  namely,  tbe  point  \n  abaoltiteiy  beyond  donlit  or  question 
tine  H  l§  pdiMtble  t^  obtain  a  fleifttlve  nttittffl  remilt  in  a  Well  bnt  a  positive 
aranin  result  itt  ih^  Indldl  Ml  III  the  tittbiedilit^  fielMty,  MtA^y,  ih  the  l^flpiU 
lary  fHtigie*  Abdte  tb«  wAfer  tAbi^,  wflhin  t  intfbed  of  tbe  fl^^^tite  Well.  *the 
m^m  qneittidn  now  arln^^;  Bow  fAt  (An  the  (^plliary  frttv^  earry  ufabin 
xftd  baeterial  infetftlofl  from  a  poibt  of  p^llttdon? 

Aftaia.  onf  obdervatiobs  show  ttiat  becdtiib|«  df  th^  irf^lftildtity  And  raggie»dbe^ 
•ff  fhe  tininln  moVebtent  (Wbldb  resembles  ab  Ifre^laf  tltmd  rather  than  a 
vBtform  0be^)  a  #f!veb  Well  cftb  be  AepHtive  because  the  branln  escape  it, 
twt  ft  positive  nrabin  remiH  may  be  dbtaibed  on  tlie  s«me  day  from  a  well  6 
^wmm  fartb^^r  removed  from  tbe  point  where  tbe  ufanin  wa«  inserted. 

w^fcre  imln^  the  oratiln  at  pre^flt  obiy  as  a  gdld*  tb  show  us  where  to  take 
*w  water  .samples.  It  is  altogether  too  early  for  us  to  getieraliste  oA  tbe 
prtrtical  interreltttion  between  tirftnlii  and  bacteria.  All  I  am  wlllibg  to  Say 
d  present  h«  that  lb  tbe  early  part  of  this  experlmebt  B.  f*oli  laggted  some 
HIM  afanifl,  for  mstsbce.  on  tbe  eighth  day  h  w^ii  S2  inches  ftway  from  our 
lit  ift^wed  B.  ciHi  wbfle  ii  w^l  48  ibdbes  away  showed  tifanin  bbt  not  B.  coU; 
lod  tttftt  Iddlcatlons  nre  bot  entlfely  lackibg  that  both  infe<?ti6ns  bad  traveled 
<liii!oiial].v  ratb«»r  tbah  at  right  angled,  therefore  that  the  actual  distan<*e  may 
feiTe  h»en  greater  than  82  and  48  ib<?be«,  respectively.  J\ifth*T,  a  wdl  which 
»M  uranln  positive  on  the  seventh  day  did  bot  show  B.  coli  until  the  eighth 
ky;  gad  a  well  which  was  urabin  positive  on  the  eighth  day  did  not  show 
fi.  c(di  until  the  ninth  day ;  on  the  other  hand,  three  wells  Whleh  showed  drAbin 
MlHt^  ott  the  eighth  day  oottflrmed  as  B.  rtAi  positive  for  the  same  day. 

dK.op  eno  Is  a  repetition  of  th(*  exi)erimebt  of  Group  500.  but  ^t  date  of 
trrtHaif  we  have  bad  bo  rftin  sind^  the  doslbg,  abd  there  is  nothing  at  present 
t»*  report,  for  an  examinations  have  been  negative. 

It  b  booming  more  and  more  obvious  to  bs  that  our  study  demands  a  more 
atihtfe  knowledge  of  the  grotmd  Water  with  its  many  complicating  factors, 
tod  dd  this  aceotrnt  we  have  recently  obtaitied  the  cooperatloh  of  the  dround 
Vtler  Division  of  the  United  States  Geological  Survey  in  a  study  of  our 
M»Wais. 

This  gubject  of  the  water  table  appears  to  have  been  more  or  less  prominent 
n  tbe  8uh<*onsciousnes8  of  the  men  who  have  been  writing  regulations  for  the 
♦flwtnictlon  and  location  of  privies,  but  It  seems  clear  that  we  knmv  altogether 
'»» Uttk;  about  this  factor  In  its  influence  on  sanitation^  while  proof  is  present 
^i  nen  when  there  is  u  flow  of  ground  water  in  a  given  direction  negative 
>«lts  at  a  jfiven  spot  are  not  a  definite  proof  of  negative  conditions  one  or 
•»  drt  away. 

^ft^Mjn  tlMt  natural  feeling  of  hopelessnesa  which  arises  when  we  consider 
V  theoff^kral  pof^sibilities  aa  to  the  influences  of  ground  water  on  the  prob- 
MBS  of  excreta  disposaU  it  would  be  well  to  recall  that  the  rural  districts  of 
^  comtry  at  large  have  uncoDsciously  been  making  a  nation-wide  human 
^iperlment  along  this  line  and  that  typhoid  has  been  showing  a  decrease 
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instead  of  an  iDcrease.  Further,  in  view  of  the  increased  knowledge  of  the 
past  15  years  in  respect  to  human  "carriers'*  of  typhoid,  the  thought  lie* 
near  that  our  remaining  and  unaccounted  for  ^hoid  Index  can  not  possibly 
be  attributed  wholly,  and  perhaps  not  even  In  major  part,  to  ground-water 
pollutioik  Despite  this  thought,  however,  It  would  be  imwise  to  forget  that 
we  must  prepare  even  for  explosive  outbreaks  and  the  exceptions  as  well  as 
for  the  rule. 

B.  ViARiLrrY  OF  pbotozoan  ctsts  and  of  wobm  egos. — ^From  January  29  to 
March  5,  1920,  we  buried  at  Wilmington,  N.  C,  under  diflCerent  conditional, 
especially  in  17  sawdust  pits,  large  quantities  of  human  excreta  containing 
Kpores  of  protozoa  (notably  Endamoeha  and  Oiardia)  and  eggs  of  parasitic 
worms,  especially  two  idnds  of  thin-shelled  eggs  (hookworms  and  Hymenolepi9 
nana)  and  two  kinds  of  thick-sh^led  eggs  {ABcariM  and  Triohatis), 

The  examinations  made  in  May  1922,  failed  to  show  any  recognizable  spores 
either  of  Endamoeha  or  of  Oiardia,  or  any  recognisable  eggs  or  larve  of  hook 
worms  (Necator).  But  recognisable  eggs  of  Hi/menolepi9,  A««trto,  and 
Triohuris  are  still  present  Preference  was  shown  to  the  smear  method  over 
tlie  flotation  technique,  despite  the  fact  that  the  latter  is  much  less  tedioua. 
Not  a  single  live  egg  of  any  of  these  three  species  of  worms  has  been  found, 
but  patient  and  tedious  search  has  revealed  dead  ova  as  follows  AsoarU^ 
1,231 ;  Trichuria,  40;  and  Hymenolepia,  6.  In  nearly  all  Instances  the  degenera> 
tion  of  the  protoplasm  was  extreme;  in  only  one  Instance  (an  Asearis  egg) 
was  it  only  slight 

Accordingly,  present  evidence  is  to  the  effect  that  under  the  climatic  condi- 
tions that  have  obtained  at  Wilmington  during  the  past  two  to  two  and  one- 
fourth  years,  all  traces  of  the  spores  of  Endamoeha  and  Oiardia^  and  of  the 
eggs  and  larvae  of  Necator  have  disappeared  from  the  human  excreta  buried 
in  17  sawdust  pits;  further,  that  the  eggs  of  Aacaria,  of  Trichuria,  and  of 
Hymenolepis  nana  have  died.  The  thought  naturally  occurs  to  all  of  you  that 
tbe  fermentation  in  the  excreta  has  been  one  of  the  chief  factors,  if  not  the 
thief  factor,  involved  in  this  destruction  of  Infectious  material. 

Bacteriological  tests  made  of  17  samples  of  the  buried  excreta  showed  that 
B.  coll  was  still  alive. 

Publication. — It  has  been  the  policy  of  the  board  to  refrain  from  issuing 
bulletins,  but  there  are  some  phases  of  the  work  in  reiq;>ect  to  which  we  have 
data  that  it  is  felt  will  be  of  use  to  you  as  matters  of  reference.  Accordingly, 
the  chairman  is  at  present  editing  a  bulletin  which  will  be  submitted  to  the 
bureau  for  publication.  This  will  not  contain  final  deductions  in  respect  to  all 
pbiises  of  the  subject  of  excreta  disposal,  but  will  give  you  in  available  form 
certain  data  that  have  been  of  practical  value  to  us  and  which  we  hope  will 
be  of  use  to  you. 

In  summary,  due  to  circumstances  beyond  our  control,  my  report 
to  you  this  year  is  less  complete  than  I  had  hoped,  but  it  is  possible  to 
present  to  you  the  following : 

(1)  Doctor  Eaton  has  been  using  a  tube  rack  which  reduces  tremendously* 
the  routine  labor  in  laboratory  .tests  on  the  BaciUua  coU  group,  especially  J3. 
iyphoaus!  This  should  result  In  a  distinct  economy  in  loboratories. 

(2)  Mr.  Grohurst  has  developed  two  pipette  wells  which  have  revolutionized 
our  method  of  taking  water  samples.  The  smaller  pipette  well,  in  particular, 
is  destined  to  be  of  extensive  use  In  a  study  of  ground  water,  not  only  by  us  but 
also  by  others.  It  also  comes  into  consideration  as  part  of  the  equipment  of 
exploring  parties  which  may  wish  to  safeguard  their  water  supply  and  who  ar^ 
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traveling  in  a  region  where  the  water  table  is  within  reach  of  the  air  lift, 
Dtmely,  not  more  than,  30  feet.    It  is  inexpensive  and  practicaL 

(3)  In  a  combined  nranin  and  BatoUlus  ooU  experiment  the  extension  of  B. 
eoU  may  lag  behind  that  of  the  nranin,  at  least  in  some  cases. 

(4)  Although  a  well  shows  a  negative  oranfn  result,  the  capillary  fringe  above 
tbe  water  table  in  the  immediate  vicinity,  even  within  a  i^w  feet,  may  show  a 
nranin  positive  result  It  would  therefore  appear  that  in  using  the  uranin  test 
we  must  be  prepared  to  modify  the  present  generally  used  technique  and  take 
soil  samples  from  the  moist  capillary  fringe  as  well  as  water  samples  from  the 
well,  especially  in  case  the  latter  is  uranin  negative. 

(6)  A  given  well  may  be  uranin  negative,  but  another  well  located  a  few 
inches  away  may  be  uranin  positive.  As  tentative  explanation  of  this  fact  we 
advance  the  point  that  uranin  does  not  necessarily  extend  in  a  regular  sheet,  as 
one  might  suppose  it  would,  but  with  a  very  irregular  margin  such  as  is  seen 
in  a  cloud. 

(6)  Thus  far  we  have  assumed  that  the  capillary  fringe  comes  into  considera- 
tioD  in  the  possible  diffusion  of  infection  yertically  downward,  but  we  have  not 
been  seriously  impressed  with  it  as  a  theoretical  flictor  in  lateral  diffmion.> 
Present  indications  are  that  the  latter  attitude  may  perhaps  not  be  well  fbunded, 
and  at  least  that  this  point  calls  for  study.  Further,  the  theoretical  thought 
presses  Itself  forward  whether  or  not  the  capillary  fringe  may  not  eventually 
prove  to  hare  a  tendency  to  draw  infection  upward,  thus  presenting  a  tendency 
gradually  to  ^iminate  infection  from  the  ground  water. 

(7)  Sawdust  pits  in  which  was  buried  human  feces  containing  protosoan 
cysts  (Endamoeba  and  Oiardia)  and  eggs  of  intestinal  parasites  (hookworms; 
ABeairi§,  TrichuriSt  and  Hymenolepis  nana)  appear  to  have  lost  after  two  and 
one-fourth  years  all  evidence  of  infection  with  Endamoeha,  Oiardia,  and 
Necatar,  and  all  viable  infection  with  Ascaria,  Trichurit,  and  HymenolepiB  nana; 
bnt  samples  from  17  pits  all  showed  presumptive  BaoiUujf  eoU  the  day  I  left  the 
South. 

(8)  Mr.  Grohurst  has  summarized  the  privy  construction  data,  according  to 
the  regulations  and  oflkial  advice,  as  ftir  as  obtained,  from  the  yarious  adminis- 
trative units  of  the  United  States,  the  Philippines,  and  Oanada,  and  has  pre- 
pared the  engineering  suggestions  he  feels  justified  in  oifering  to  you. 

(9)  The  chairman  is  now  editing  a  bulletin  for  presentation  for  publication. 
The  manuscript  contains  data  on  construction,  viability,  disinfection,  law,  and 
economics,  which  we  hope  will  be  of  practical  use  to  you. 

(10)  Finally,  we  are  looking  forward  with  prayerful  hope  to  the  day  when 
the  new  order  of  affairs  in  Government  will  have  become  sufficiently  routined 
to  permit  work  to  proceed  in  a  less  interrupted  way  and  when  the  Surgeon 
Qeneral  will  have  a  sufficient  personnel  on  a  permanent  basis  to  raider  it 
humanly  possible  for  him  to  keep  men  on  their  details  sufficiently  long  to  per- 
mit them  to  complete  a  job  and  to  write  up  their  notes.  As  respects  finances, 
I  have  the  honor  to  report  that  we  have  done  our  best  to  cooperate  In  every 
way  with  the  present  desire  and  demand  to  reduce  Government  expenses;  we 
have  succeeded  in  saving  money,  but  this  does  not  mean  that  the  money  saved 
represents  an  equivalent  economy. 

Doctor  CuMMiNO.  I  think  I  noticed  the  chief  of  the  ground- water 
section  of  the  Geological  Survey  here  a  short  time  ago,  and  we  would 
be  glad  to  have  him  discuss  Doctor  Stiles's  paper. 

Mr.  Meixzer.  I  have  been  greatly  interested  in  listening  to  Pro- 
fessor-Stiles's  discussion,  but  am  not  prepared  to  say  much. 
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Soim  yfears  ago  the  water-resources  branch  of  the  Geological  Sur- 
vey was  actively  engaged  on  sanitary  problems  relating  to  water 
supplies^  especially  to  the  pollution  of  water  by  industrial  waste, 
but  since  the  Public  Health  Service  took  up  that  kind  of  work  we 
have  done  little  oti  the  sanitary  side  of  water  supplies.  We  hair^ 
inve^igftted  chiefly  the  occurrence,  quantity,  and  mineral  quality  of 
the  natural  waters  and  their  recovery  and  utilization. 

Several  Weeks  ago  Professor  Stiles  came  to  the  Geological  Survey 
and  explained  what  he  was  doing,  and  that  was  the  Arat  I  had  heard, 
so  far  as  I  remember,  about  this  experiment.  I  at  once  became  inter- 
ested, be<iause  it  has  for  a  long  time  been  felt  that  very  little  is 
actually  known  about  how  far  bacteria  will  be  carried  in  ground 
water.  I  went  to  Fort  Caswell  with  Professor  Stiles  and  spent  sev- 
eral days  on  the  geologic  and  hydrologic  problems  of  the  experi- 
ments in  progress  there.  Since  then  Miite  Dowell,  one  of  the  survey 
geologists,  has  been  assigned  to  Fort  Caswell  for  a  month  to  help 
along  the  lines  of  hydrology.  This  action  was  taken  because  it  was 
felt  that  if  Uie  results  of  this  experiment  are  to  have  general  appli- 
cation, it  must  be  closely  correlated  with  the  geology  and  hydrology. 
I  have  great  faith  in  the  value  of  cooperation  in  scientific  researoh. 
In  nearly  all  of  our  ground-water  work  we  cooperate  with  some 
Federal  or  State  organization.  I  hope  that  this  informal  and  very 
pleasant  cooperation  with  the  Public  Health  Servioe  will  be  pro- 
ductive of  some  good. 

The  difficulty  about  the  whole  matter  is  that  we  are  dealing  with 
such  exceedingly  complicated  conditions.  If  there  were  just  one 
uniform  set  of  conditions  careful  tests  could  he  made  and  the  prob- 
lem could  be  definitely  solved.  But  the  rock  formations  are  exceed- 
ingly complex  and  variable  in  texture  and  structure~~even  more  so 
than  appears  to  the  eye.  The  sand  at  Fort  Caswell,  where  these 
experiments  have  been  going  on,  presents  about  as  uniform  condi- 
tions as  will  be  found  anywhjre.  Yet  when  the  water  percolates 
through  this  sand  it  moves,  as  Professor  Stiles  has  said,  like  an 
amoeba,  not  because  it  has  life  but  because  it  is  much  less  uniform 
in  texture  and  permeability  than  one  would  casually  suppose.  Not 
only  the  texture  and  sftructure  but  also  the  hydrologic  conditions  are 
complicated.  The  position  and  slope  of  the  water  table,  and  the 
intake,  movement*  and  discharge  of  ground  water  are  all  of  essential 
importance  in  this  problem,  but  they  differ  from  place  to  place 
and  may  change  radically  with  the  seasons  or  even  with  a  single 
rainstorm.  Hence,  the  results  of  a  bacteriological  experiment  with- 
out precise  observations  on  the  geologic  and  hydrologic  conditions 
can  not  be  applicable  in  other  areas. 

The  conditions  at  Fort  Caswell  are  almost  the  worst  conceivable 
for  the  movement  of  bacteria.    The  water-bearing  material   is    a 


REPORT  OX   EXCRETA  DISPOSAL.  23 

aniform  sand,  without  any  joints  or  fissures  such  as  are  common  in 
theiunrder  rocks.  The  water  and  anything  that  it  carries  has  got  to 
0*  through  the  comparati^Tly  small  pores  of  the  sand.  There  is, 
»f  coarse,  plenty  of  sand  that  is  finer  than  that  at  Fort  Caswell,  but 
if  it  is  much  finer  you  can  not  make  a  successful  well  in  it.  Hence, 
whatever  results  are  obtained  at  Fort  Caswell  will  be  not  average 
l«it  nearly  minimum  results.  If  it  is  found  that  bacteria  will  be 
ctrried  a  certain  distance  under  tliese  conditions,  we  will,  in  gen- 
eral, have  to  apply  a  very  large  factor  of  safety. 

This  [  indi<*ating]  is  quite  as  much  a  surprise  to  me  as  to  Professor 
Stiles.  This  band  of  green  is  several  inches  above  the  water  table 
tod  above  where  the  water  table  has  been  at  any  time  since  the  ex- 
perunefit  was  started.  It  is  puzzling  to  explain  how  the  uranin  has 
got  past  the  test  wells  without  being  detected,  and  is  found  in  the 
•  ipilkry  fringe  beyond  the  wells.  The  uranin  has  traveled  in  the 
'lirectioii  that  the  water  table  slopes,  and  hence  in  the  direction  the 
irroaaad  water  is  moving.  You  wi^l  notice  that  no  uranin  has  been 
fooad  eitlier  in  the  ground  water  or  in  the  capillary  fringe  on  the 
opcrade  side  of  the  pit  into  which  it  was  placed.  It  has  traveled 
«iij?  in  the  direction  that  the  ground  water  has  been  moving. 

In  this  locality  the  water  table  is  only  8  feet  below  the  surface. 
Cottequently,  the  water  rising  by  capillarity  will  evaporate,  and 
t>  it  evaporates  new  water  will  be  drawn  up  by  capillarity  to  take  its 
pbee,  as  kerosene  is  drawn  up  in  a  lighted  lamp.  Hence  there  is 
J  constant  upward  movement  of  water  throu^  the  capillary  fringe. 
If  TDU  go  to  a  place  where  the  depth  to  the  water  table  is  25  feet, 
the  water  will  rise  only  a  few  feet  by  capillarity,  according  to  the 
texture  of  the  material,  and  will  be  a  long  ways  from  getting  up 
'"  the  surface  where  it  could  be  evaporated.  Consequently,  the  water 
a  the  capillary  fringe  above  the  water  table  will  remain  stagnant. 
It  i-*  quite  likely  that  the  green  bands  of  uranin  in  the  capillary 
irmge  are  due  to  the  upward  movement  of  the  ground  water  and 
t!i4t  where  the  depth  to  the  water  table  is  so  great  that  there  is 
if»  ground  water  discharged  into  the  atmosphere  the  conditions  are 
Afferent.    That  question  can  be  very  easily  put  to  the  test. 

The  work  that  has  been  done  by  this  board  has,  in  my  judgment, 
kben  exceedingly  thorough  and  painstaking.  No  effort  has  been 
)jtred  to  make  the  results  decisive  and  conclusive.     Yet  it  seems 

t  it  will  be  necessary  to  make  still  more  specific  observations  in 

W  to  corral  the  uranin  and  the  bacteria  effectively.    As  Pro- 
Stiles  pointed  out,  some  of  these  wells  were  put  down  just 

the  water  table  and  some  to  a  level  1  foot  below,  some  to  a  level 

feet  below,  etc.    They  were  put  in  almost  every  possible  position 
intercept  the  ground-water  drainage.     A  very  serious  attempt 
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was  made  to  catch  the  uranin  if  any  went  by.  Nevertheless,  it  got 
past  those  wells  undetected  and  was  later  found  in  the  capillary 
fringe  farther  on. 

It  seems  to  me  that  this  experiment  is  very  significant.  It, relates 
to  a  problem  of  great  practical  importance  on  which  we  have  hitherto 
had  very  little  satisfactory  data.  I  admire  and  applaud  the  thor- 
oughness and  persistence  with  which  the  work  is  being  done.  I 
sincerely  hope  that  the  investigation  can  be  carried  on  another  year, 
or  a  few  more  years,  if  necessary,  until  the  experiment  is  really 
completed  and  this  difficult  but  intensely  practical  problem  is  as 
definitely  solved  as  is  possible. 

Doctor  Gumming.  I  am  sure  that  we  all  appreciate  the  discussion 
of  this  paper.  I  will  tell  you,  as  a  matter  of  interest,  that  Doctor 
Stiles  mentioned  the  amoeba  in  connection  with  dysentery.  Some 
alarming  reports  came  out  18  months  ago  about  troops  having 
brought  an  enormous  amount  of  dysentery  back.  It  came  from  an 
authoritative  source ;  but,  under  .Doctor  Stiles,  we  have  had  thou- 
sands of  specimens  sent  in  and,  fortunately,  we  can  report  negative 
results  so  far  as  we  can  find  out.  Doctor  Stiles  will  make  a  final 
report  on  it  before  long. 

Is  there  any  discussion  of  this  paper? 

Doctor  Pierce.  I  would  like  to  suggest  that  you  extend  the  cour- 
tesy of  the  floor  to  Mrs.  William  Tilton  for  five  minutes.  She  has 
some  information  in  regard  to  the  value  of  comparative  data,  and 
I  am  sure  that  it  will  be  very  interesting. 

Doctor  CuMMiNO.  I  am  sure  we  will  be  glad  to  hear  from  Mrs. 
Tilton. 

VALUE  OF  COMPARATIVE  DATA. 

Mrs.  Tilton.  According  to  records  taken  from  37  life  insurance 
companies,  the  country  was  never  so  well  as  in  1921,  and  I  believe 
seldom  so  good.  We  have  made  a  survey  of  Massachusetts  compar- 
ing the  last  two  economic  depressions,  1915  and  1921.  The  latter 
depression  has  been  much  worse  in  Massachusetts,  and  yet,  even  so, 
the  decreases  in  1921  over  1915  are  marvelous. 

Percent  Peroeot 


Total  arrests 15 

Arrests  for  drunkenness 43 

Penal  population 51 

Indoor  relief 57 

Cases  of  nonsupport 18 

Deaths  from  cirrhosis  of  llver__  47 


Deaths  from  Brlght's  disease —  9 

Deaths  from  pneumonia 51 

Deaths  from  tuberculosis 23 

Suicides 9 

Deaths  from  alcoholism 47 


I  wish  we  might  get  data  like  this  sent  to  us  from  all  the  State 
boards  of  health  of  the  country,  with  reasons  why  we  have  these  de- 
creases, as  far  as  they  can  be  gauged.   We  all  want  to  help  the  health 
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work  of  the  country,  and  we  can  do  it  more  intelligently  if  we  con- 
stantly study  what  is  happening  through  getting  in  reports  and 
through  trying  to  draw  conclusions  from  the  reports  of  just  what 
is  helping.  We  will  send  you  a  questionnaire,  and  I  hope  you  will 
fill  it  out,  and  then  we  can  publish  it  and  send  it  through  the  women's 
orginizations  of  the  country  that  they  may  see  what  work  is  telling 
and  be  more  eager  to  keep  at  the  work  and  more  intelligent  as  to  what 
work  to  stress. 
Doctor  Gumming*  Doctor  Creel  will  report  on  anthrax. 

ANTHRAX. 

Doctor  CvEEL.  Mr.  Chairman,  ladies,  and  gentlemen,  presmnably 
ever  since  there  has  been  anthrax  infection  among  animals  there 
have  been  associated  with  it  human  cases,  more  especially  in  certain 
groups  brought  in  contact  with  these  animals— drovers,  stablemen,. 
butchers,  abattoir  workers,  and,  in  England,  wool  sorters.  Formerly 
these  cases  had  been  regarded  as  clinical  curiosities  for  the  bac- 
teriologist or  the  clinician  to  write  about,  but  more  recently  the 
occurrence  of  human  anthrax  has  become  of  himian  health  interest 
and  concern. 

In  1916  the  commissioner  of  health  of  the  State  of  Massachusetts 
reported  a  series  of  some  20  or  25  cases  of  anthrax  attributable  to 
infection  in  a  consignment  of  dry  hides  originating  in  Hankow, 
China.  When  you  refer  to  Hankow  or  Hongkong  or  Canton  you 
include  several  hundred  square  miles  of  China,  because  hides  are 
Bierely  assembled  at  those  maritime  ports.  Previous  to  that  time  the 
Public  Health  Service  did  not  give  any  administrative  attention 
to  the  prevention  of  the  introduction  of  anthrax,  feeling  that  it  was 
a  subject  adequately  covered  by  regulations  formulated  in  the  Bureau 
of  Animal  Industry,  Department  of  Agriculture,  and  issued  as  joint 
regulations  by  the  Secretary  of  State  and  the  Secretary  of  the 
Treasury.  When  these  cases  were  reported,  it  became  apparent  that 
there  was  some  defect  in  precautionary  measures,  either  funda- 
mental as  to  the  technical  regulations  or  some  defect  in  their  enf orce- 
Qjcnt  A  conference  was  held  with  the  Bureau  of  Animal  Industry, 
ind  it  developed  that  the  regulations  contemplated  that  all  hides 
from  foreign  ports  should  be  covered  by  a  certificate  either  to  the 
'effect  that  they  had  been  disinfected  or  otherwise  had  come  from  a 
taritory  in  which  anthrax  was  not  prevalent.  There  was  one 
technical  defect  in  the  regulations,  and  that  was  the  provision  for 
<hsinfection  for  30  minutes,  one  to  one-thousandth  bichloride  solu- 
tion, which  was  inefficient,  and  in  addition  to  that  it  was  the  general 
practice  that  instead  of  immersing  the  hides  they  were  sprinkled. 
The  referred  to  consignment  of  hides  from  Hankow  was  accom- 
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panied  by  a  certificate  of  disinfection.  Even  before  that  time  the 
Bureau  of  Animal  Industry  had  considered  the  revision  of  the 
regulation. 

The  Bureau  of  Animal  Industry  formulated  and  issued  on  Jan- 
uary  1,  1917,  new  regulations,  vrhich  appeared  to  be  technically 
sufficient.  I  have  a  memorandum  fix)m  the  Chief  of  the  Bureau 
of  Animal  Industry  giving  in  detail  the  exact  procedure  as  to  the 
treatment  of  hides  and  measures  for  the  prevention  of  the  introduc- 
tion of  anthrax,  so  far  as  hides  are  concerned,  I  will  read  this 
memorandum  and  give  you  a  better  idea  of  what  is  being  done. 

(Doctor  Creel  thereupon  read  the  memorandum  referred  to.) 

That  is  the  statement  of  Doctor  Mohler,  Chief  of  the  Bureau  of 
Animal  Industry.  There  is  no  question  about  the  necessity  for  tlie 
enforcement  of  appropriate  precautionary  measures.  It  is  a  ques- 
tion of  where  they  should  be  applied.  The  foreign  port  of  em- 
barkation is  where  it  should  be  done,  but  it  will  be  frankly  admitted 
that,  so  far  as  the  Public  Health  Service  is  concerned,  we  would  not 
be  able  to  station  at  all  the  ports  in  the  world  inspectors  to  see  that 
the  work  is  done  properly. 

It  is  contended  by  tanners  that  unless  the  tannery  process  imme- 
diately follows  the  disinfection  the  leather  quality  is  injured  or  de 
stroyed;  and  this  is  agreed  to  by  experts  of  the  Bureau  of  Animal 
Industry.  It  means  that  if  we  attempt  to  enforce  this  disinfection 
at  foreign  ports  30  per  cent  of  our  leather  supply  would  be  diverted 
to  other  markets,  and  this  would  seriously  disarrange  the  leather 
industry  of  the  United  States. 

So  far  as  the  disinfection  at  the  port  of  arrival  is  concerned  (aC 
the  quarantine  station),  the  same  objection  would  apply  as  to  injurv 
to  the  hide,  and  the  protection  to  persons  in  the  United  States  would 
not  be  materially  greater  than  if  the  disinfection  were  done  at  the 
tannery.  The  hides  would  be  taken  from  the  ship  to  the  quarantint^ 
station  and  the  handlere  would  be  exposed.  It  seems  that  aftei 
thorough  investigation  the  only  practical  solution  is  in  disinfection 
of  hides  at  tlie  tannery,  and  the  State  authorities  should  cooperate 
in  seeing  that  efficient  disinfection  be  performed  at  the  various  tan 
neries.  That  applies  to  the  anthrax  situation  as  far  as  hides  ar< 
involved. 

There  have  been  a  large  number  of  cases  of  anthrax  due  to  in 
fected  shaving  brushes.    I  have  no  figures  as  to  the  exact  number. 

I  might  also  say,  reverting  to  anthrax  from  hides,  that  a  consid 
erable  percentage  of  cases  reported  during  1915,  1916,  and  1917  wen 
due  to  domestic  infection.  In  1915,  out  of  40  cases,  practically  non^ 
of  them  was  attributed  to  imported  infection,  and  of  the  60  in  191^ 
only  25  in  Massachusetts  were  due  to  imported  infection.  That  ii 
an  additional  reason  why  there  should  be  disinfection  at  the  tanner\i 
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Tlie  shmTing  bnidi  is  an  entirely  different  proposition,  and  when  it 
became  apparent  that  there  wei'e  a  number  of  cases  occurring  from 
the  use  of  infected  brudies  imported  from  the  Orient  the  foreign 
qoanmtine  regulations  were  amended  and  also  the  interstate  quar- 
antine regulations. 

The  United  States  quarantine  regulations  were  am^iided  as 
follows: 

Foreign  quarantine  regulations, 

Il2i;>  Shuvlgg  !»rushes  or  lather  hnishes  vlestined  for  shipment  into  the 
!*nited  States  shall  be  made  only  from  hair  or  hristlef*,  known  to  be  fi*ee  from 
lothmx  9poreA. 

(127)  Unle«8  known  to  be  free  from  natlu^ix  'spores  sui-ti  bair  or  bristles, 
More  being  made  bato  shaving  or  lather  bnusbes,  shall  be  di^^Uifected  by  one 
of  die  following  xnethotls:  (d)  By  boiling  for  not  less  than  3  hours;  {h)  by 
rtpoeure  to  steam  under  not  less  than  15  iwundi'  gauge  for  not  less  than  30 
mloHtw  with  a  preliminary  vacuum  of  at  least  10  inches;  (c)  by  exposure  to 
<T«smlag  steain  for  not  less  than  6  hours. 

(128)  CooelgiiiiMnts  of  shaving  brashes  of  foreign  manufaeture  shall  be 
■ccoBpanled  by  a  eonsular  certlftcute  eoutalning  a  statement  as  to  the  preva- 
icDcf  ur  Donprevalence  of  anthrax  in  the  territory  from  which  the  brushes 
wntnate  and  also  to  the  effect  that  the  materials  entering  into  the  manufacture 
of  the  brush(>s  have  or  have  not  complied  with  the  requirements  of  these 
rpfnoIatioDs. 

Interstate  qHAranfine  reguiatiOHs. 

<H>  Xo  [lerson,  firm,  or  cori)oration  shall  offer  for  shipment  in  interstate 
trtflk*,  and  no  common  carrier  shall  accept  for  shipment  or  transport  in  Inter- 
i^itp  traffic,  any  shaving  brush  or  lather  brush  unless  manufactured  in  accord- 
AOft  with  the  foUo^fi^Dg  regulations: 

<•>  ftbiiviiig  brushes  or  lather  brushes  shaU  be  made  only  from  hair  or 
kfteties  known  to  be  free  from  anthrax  spores. 

1 6)  UoleiKS  hair  or  bristles  are  known  to  be  free  from  anthrttx  spores  before 
»nrb  bristles  are  made  up  Into  shaving  or  lather  orushes,  their  disinfection 
'^U  he  acc«miplishe<l  by  one  of  the  following  methods;  (o)  By  boiling  the  hair 
<c  fcrfaitlcs  for  not  less  tJian  3  hours;  (6)  by  exposing  the  hair  or  bristles  to 
•tram  under  wtt  le««  than  15  pounds  gauge  pressure  for  no  less  than  30  minutes 
»ith  preliminary  vacuum  of  not  less  than  10  inches  before  turning  on  the 
•i*«ro;  (r)  by  exinmure  to  streaming  steam  for  not  less  than  6  hours. 

'<*►  All  shaving  or  lather  brushes  sluiU  be  i»ermanently  niarke<l  with  the 
aame  of  the  manufacturer  or  with  a  registered  trade-mark  in  order  to  insure 
I'fctitlflaition  of  the  manufacturer  and  enforcement  of  these  regulations. 

It  will  l)e  noted  that  so  far  as  raw  material  in  shaving  brushes  is 
'■'>nceme<l  there  is  no  restriction ;  the  restriction  applies  only  to  f abri- 
^led  articles.  That  provision  was  adopted  because  it  was  felt 
iJifre  was  greater  security  in  having  the  disinfection  done  in  the 
factories  in  the  United  States  than  in  foreign  countries. 

I  mi^t  add  that  more  recently  there  has  been  introduced  a  bill 
ifi  ronpre^  to  prohibit  the  manufacture  of  shaving  brushes  from 
WiTsehtir.  It  seems  to  be  the  consensus  of  opinion  that  practically 
*ll  of  these  cases  attributed  to  shaving  brushes  have  been  due  to 
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brushes  made  from  horsehair,  and  if  this  legislation  goes  through 
it  should  remove  the  menace  of  the  shaving  brush;  otherwise  the 
only  other  practical  way  of  preventing  shaving-brush  anthrax  is  to 
maintain  thorough  supervision  of  all  the  factories  manufacturing 
shaving  or  lather  brushes. 

Doctor  Gumming.  I  want  to  state  that  this  subject  was  taken  up 
at  the  request  of  the  State  health  office  of  Pennsylvania.  Is  there 
any  discussion  t 

Doctor  DAim)N.  We  have  a  brush-manufacturing  establishment, 
and  when  word  came  out  to  examine  all  these  establishments  for 
anthrax  we  sampled  everything  they  had.  We  foimd  they  were 
receiving  bristles  and  hairs  frcmi  all  over  the  world,  and  they  were 
taking  the  added  precaution  of  sterilizing  all  material  before  it 
was  worked  up.  Yfe  sampled  everything  they  had,  and  got  no  posi- 
tive result,  but  we  did  discover  this:  In  examining  the  sterilizing 
apparatus  which  they  were  using  they  were  apparently  not  getting 
the  results  which  they  desired  in  the  center  of  it  when  large  quan- 
tities were  used.  We  called  attention  to  the  fact  that  their  steriliz^ 
ing  apparatus  was  not  working  satisfactorily,  and  they  proceeded  to 
fix  that,  so  that  when  we  went  over  it  later  on  we  found  that  they 
were  getting  results.  The  point  I  want  to  bring  out  is  simply  this : 
That  because  a  particular  manufacturer  guarantees  a  sterilizing 
apparatus  it  is  not  fool  proof,  and  it  should  be  followed  up  in  regard 
to  this  particular  subject  of  anthrax. 

Doctor  Gumming.  Is  there  any  further  discussion?  Is  there  discus- 
sion of  the  amendments  to  interstate  regulations! 

Doctor  McLaughlin.  I  would  like  to  say  that  we  are  getting  along 
so  nicely  that  we  had  better  leave  them  alone.  We  had  a  lot  of 
suggestions  that  should  have  been  sent  to  the  committee.  There  are 
three  or  four  very  good  ones,  but  we  had  better  not  do  anything  at 
this  meeting,  in  view  of  this  fact,  that  the  18  States  have  put  the 
sanitary  code  into  effect,  and  I  suggest  that  we  leave  them  alone  for 
another  year. 

Doctor  Gumming.  Doctor  Williams,  of  Virginia,  wishes  to  make  a 
statement. 

Doctor  Williams.  We  thought  it  would  be  of  interest  to  the  health 
officers  to  have  the  discussion  in  regard  to  rural  health  work  take 
place  where  they  have  an  organized  health  department.  In  Arling- 
ton County  there  is  an  organized  health  department.  It  was  started 
a  number  of  years  ago  in  cooperation  with  the  International  Healtli 
Board,  in  which  the  International  Health  Board  and  the  State  paid 
half  of  the  expenses,  the  county  paying  the  other  half.  That  lasted 
for  about  a  year  and  a  half,  and  then  the  county  imdertook  to  pay 
the  bulk  of  the  sum,  and  the  United  States  Public  Health  jService 
helped  us. 
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We  have  got  in  charge  of  that  unit  a  man  trained  in  the  United 
States  Public  Health  Service,  Doctor  Cox,  who  had  charge  of  their 
work  during  the  war. 

As  we  know,  the  development  in  health  work  is  largely  due  to 
ImgHk  and  breadth  of  one  man,  so  the  development  of  this  work  over 
tha«  is  chiefly  due  to  the  splendid  work  and  influence  of  that  health 
officer  whom  we  were  able  to  get  from  the  Public  Health  Service. 
The  continuance  of  this  work  and  its  development  in  recent  years 
has  been  largely  dtke  to  the  influence  and  cooperation  which  some* 
times  we  have  been  able  to  get  from  the  Public  Health  Service,  or 
through  Doctor  Lumsden's  division  and  Doctor  Cox's  division.  We 
hope  that  you  will  all  go  over  there  and  see  this  work. 

We  have  some  moving  pictures  illustrating  other  features  in  health 
work  that  we  want  to  show  you,  particularly  some  malaria  work  and 
nural  sanitation,  illustrated  by  moving  pictures.  The  Public  Health 
Service  has  kindly  arranged  to  provide  transportation.  I  think  the 
coonty  officials  have  given  us  the  privilege  of  using  the  courthouse 
for  the  afternoon  session.  We  will  let  the  last  automobile  leave  at 
2  o'dock.  I  do  not  think  it  would  be  well  for  everybody  to  arrive 
at  once.  We  want  to  see  the  health  department  office,  and  the  first 
can  leave  at  1.30  and  the  last  leaves  at  2  o'clock. 

Doctor  LtTMSDEK.  I  think  it  will  be'  very  much  better  if  Doctor 
Williams  will  let  us  go  in  a  body,  because  the  idea  is,  as  I  understand 
it,  that  Doctor  Cox  wishes  to  take  only  a  short  tour  in  the  county, 
and  show  us  certain  features  of  the  work,  which  will  last  three-quar- 
ters of  an  hour  or  an  hour,  before  we  assemble  at  the  courthouse  for 
the  afternoon  session,  and  it  will  be  impossible  to  say  which  is  the 
principal  thing  he  wishes  to  point  out.  I  think  of  one  more  thing 
that  Doctor  Williams  did  not  mention.  The  Public  Health  Service 
did  cooperate  in  it,  and  I  am  proud  of  the  fact.  We  cooperated  to 
a  small  extent. 

Doctor  CuMMiNO.  The  next  papers  are  exceedingly  important — 
the  control  of  water  supplies  used  in  interstate  traffic — and  it  seems 
to  me  that  they  should  not  be  hurried.  Is  there  anybody  here  who 
will  discuss  ^^  Chlorine  as  a  means  of  assuring  the  safety  of  drinking 
water  '*!    I  do  not  see  how  we  will  get  through  otherwise. 

(Mr.  Pincus  then  read  his  paper.) 

CHLOUNATION  AS  A  MEANS  OF  INSXTBINQ  THE  SAVETY  OF  DRINKING  WATER. 

The  subject  of  the  chlorination  of  public  water  suppUes  is  now  a  most  im- 
portcQt  one  for  public-health  offlcials  to  consider.  So  general  and  widespread 
baa  been  the  recognition  and  use  of  chlorine  disinfection  as  a  means  of  safe- 
soafdln^  pubUc  water  supplies  from  becoming  an  agent  for  the  spread  of  dis- 
ease that  it  has  become  incumbent  on  admlnistratiye  health  officials  to  darify 
aad  formulate  their  attitude  or  policy  in  the  recommendation  and  use  of  this 
meUKxi  of  water  supply  protection.    During  the  last  15  years  about  8,000 
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pubiic  water  supplies  liave  had  cblorination  installed  aa  a  process  Cor  tba  pro- 
tection of  approximately  30,000,000  water  consumers  from  water-borne  disease, 
and  in  this  same  period  the  typhoid  death  rate,  generally  accepted  as  the  best 
available  index  of  the  prevalence  of  water-borne  disease,  has  been  reduced  over 
60  per  cent  in  tine  United  States  registratkm  area.  From  the  experience  0t  so 
many  places  and  situatioss  wbere  chU>ri«al^n  hat  been  aeed  and  Vte  kaowl- 
edge  aiid  study  of  these  results  it  19  now  proper,  efen  neoessary,  UMit  Federal 
and  State  health  officials  determine  a  deliberate  and  consiatept  pol|<;y  toward 
chlorination — when  it  should  be  recomnieniljed,  what  it  should  be  expected  to 
accomplish,  and  what  part  chlorination  should  have  in  the  general  water  supply 
protection  progtan. 

The  <i«iestioa  should  be  settled  whether  cblorlnatleci  Is  te  be  looked  an  to*<lay 
as  the  panacea,  the  cyre-all  for  dangers  from  water-borne  disease,  as  it  was 
first  acclaimed,  or  if  not,  what  its  proper  status  is  to  bfB  in  the  defe^e  afia^nst 
infection  through  water  supply. 

It  must  be  considered  well  established  now  that  chlorination  Ih  not  thi*  all 
Sclent,  all-eflGective  water  puriiteatton  pr<K*es8  which  some  hare  looked  f(ir, 
nor  is  it  ever  likely  to  supplaat  or  became  a  subatltate  fbr  ttie  oUler  prooesMM 
of  water  treatment.  It  is  true  that  during  the  var  pn  the  battle  fnaalB  efeJoriae. 
or  more  properly  hypochlorite,  disinfection  of  watex  was  the  i}^ver«al  aiud 
generally  sole  means  employed  for  purifying  water,  so  that  at  the  close  of  the 
war  the  chief  sanitary  officers  of  the  armies  of  this  and  other  countries  iield 
chlorination  to  have  been  the  greatest  single  sanitary  measure  developed,  fiat 
the  circumstances  In  the  armies  under  war  tine  eonditiana  are  bo  unlike  and 
opposite  to  normal  and  peace-time  conditions  ef  permanent  coianiiiQitifis  tiiat 
the  former  experiences  and  results  are  scarcely  at  all  applicable.  Ohlofina- 
tion  can  not  properly  and  should  not  be  looked  upon  as  a  ci>uiplete  method  of 
protection  to  a  community  from  a  water  supply  that  is  receiving  actual  polln- 
tion.  The  situation  regarding  chlorination  is  somewhat  similar  to  the  pes- 
teurlaation  of  milk,  which  la  only  one  line  of  defanae,  a  supplementary  one. 
after  other  sanitary  barriers  against  infection  have  been  estaj>ll(4ied« 

Examining  the  chlorination  process  somewhat   carefully,   we  find  that    it 
has  certain  special  features  peculiar  to  itself  and  to  other  methods  of  sterili- 
zation.   Theoretically  it  can  accomplish  100  per  cent  purification,  1.  e.,  can  re- 
move all  infection  from  the  most  heavily  polluted  water  given  sufficient  con- 
centration of  chlorine  and  length  of  contact  period.    Practically  nothln^r  like 
such  a  percentage  of  purification  can  be  reached,  even  for  very  brief  periocla 
of  time.    Tastes  and  odors  certain  to  resoilt  from  high  excessive  doses    of 
chlorine,  limit  the  amount  that  can  be  applied.    Then  also  the  suspended  mat- 
ter in  the  water  appears  to  have  a  protective  effect  against  the  action    of 
chlorine,  lowering  the  effectiveness  of  chlorination  greatly.    The  varying  chlo- 
rine demand  of  the  organic  matters  in  the  water,  which  must  first  be  satisfied 
before  much  bactericidal  action  is  obtained,  is  one  factor  among  many  others 
that  produce  sudden  and  wide  fluctuations  in  the  continuous  efficiency  of  chlo- 
rination.   The  difficulties  at  times  of  insuring  the  full  delivery  of  the  chlorine 
to  the  water  and  the  thorough  mixing  with  all  the  water  are  influences  making 
for  uncertain  efficiency.    Then,  also,  the  unexpected  stoppage  of  chlorine  flow 
or  mechanical  breakdown,  which  may  occur  and  go  unnoticed  for  hours  under 
the  best  waten^orks  supervision,  during  which  times  the  efficiencj*  of  chlorine 
protection  is  simply  zero,  Is  a  condition  practically  wholly  peculiar  to   tl»le 
process.    With  filtration  or  other  methods  of  purification  sudden  breakdovi-na 
of  plant  are  more  quickly  recognized,  and  even  during  sudi  periods  the  purifi- 
cation remains  effective  to  some  extent.    And  then,  above  all  other  factor©, 
making  the  effectiveness  of  the  process  uncertain  and  irregular  over  lon^ 
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periodfi  of  time.  Is  the  exceedingly  great  depeudence  neceMsary  upon  the  human 
fartor  Inherent  In  the  operation  and  control  of  chloiinatlon.  Though  hljfh 
fipdmlcal  gWll  Is  not  needed,  however,  for  anything  approaching  reliable  per- 
Ainnance,  faithful  and  frequent  attention,  practically  without  posalbllitles  of 
d»«ck  Iv  superiors.  Is  required  of  the  operator  of  the  chlorlnatlon  process.  It 
i»  entirely  beyond  reason  to  expect  that  such  routine,  constant  attention  day 
in  and  day  ont.  year  after  year,  can  be  expected  from  human  fluents.  It  is 
only  necessary'  to  refer  to  the  experience  in  Milwaukee  in  1916,  where  the 
night  o|ierator  permitted  the  chlorlnator  to  be  shut  down  for  only  8  hours,  and 
in  the  next  few  days,  50,000  to  fJO,000  cases  of  enteritis  occurrwl,  followed  In 
a  fortnight  by  alDout  400  to  500  typhoid  fever  cases  with  over  40  deaths,  or  a 
!*liiillar  experience  In  1920  on  a  smaller  scale  at  Pittsburg,  Calif.,  where  the 
riikmnator  was  off  for  one  day,  to  show  the  unwisdom  of  placing  such  de- 
peodence  for  protection  upon  the  human  factor. 

But  if  chlorlnatlon  Is  not  to  be  regarded  as  the  complete  treatment  process 
for  all  kinds  of  unsafe  or  polluted  waters  It  is  not,  on  the  other  hand,  to  be 
felt  that  it  has  no  large  place  In  the  program  for  water-supply  protection. 
It  is  not  my  purpose  to  convey  the  Impression  that  the  chlorination  of  water 
npiiiefi  is  to  be  looked  at  In  all  cases  pr  the  majority  of  cases  with  suspicion 
IS  to  the  safety  and  effective  defensive  barrier  that  it  provides  ngalnst  water- 
twme  Infection.  Nothing  is  further  from  my  thoughts.  In  fact,  I  fully  believe 
that  chlorlnatlon  has  been  the  greatest  single  factor  to  make  possible  the  very 
biieb  standards  that  exist  to-dny  for  water-supply  quality,  and  In  consequence 
the  nearly  vanishing  typhoid -fever  rates  no«i'  prevalent  In  our  communities. 

What,  then,  is  the  proper  place  of  chlorination  In  water-supply  prote<'tlon1 
In  g&at^Bl^  I  Itelieve  the  consensus  of  opinion  of  sanltar>'  engineers  would  be 
that  chlorlnatlon  should  be  considered  a  «\ipplemental  safeguanl,  after  other 
aad  more  primary  defenses  have  been  established.  It  may  be  considered  as  a 
nmtww  lime  of  defenap.  tremendously  Important,  necessarily  available  for  full 
HTertiveaeaa  ander  sudden  emergencies,  but  not  the  front  and  sole  line  of 
Mimap.  where  it  would  at  all  times  have  to  be  100  per  cent  j)erfect  imder  the 
full  attack  of  the  enemy.  The  function  of  chlorlnatlon  as  a  jwrmanent  regular 
part  of  the  puiificatlon  processes  should  therefore  be  limited  to  acting  as  a 
finUhing  prwess  or  factor  of  safety  after  all  other  justifiable  means  of  pro- 
tirtlng  the  water  supply  and  eliminating  actual  pollution  have  been  efficiently 
pnirkied.  Ttumgh  it  should  as  a  general  rule  be  cimsidered  not  the  primary  and 
m)h  prote^-tlon.  Its  great  value  and  genenil  use  as  a  protecting  barrier,  wherever 
potential  <»r  even  remote  possibilities  exist  for  unfore8eeai)le  contamination 
rTBcfaing  the  water  supply,  must  be  definitely  acknowledged  and  accepted.  If  it 
if  the  aim  of  eflkient  present-day  water-supply  protection  to  remove  every  pos- 
•ftllity  of  tTPhold  fever  or  other  diseases  being  carried  by  the  water  supply,  as 
far  as  reaaonable  expenditures  permit,  then  unless  a  water  supply  is  practically 
aaiircd  for  an  indefinite  period  against  human  pollution  (and  almost  no  surface 
Qpply  whatever  is  so  situated)  chlorination  should  be  employeil.  Wherever  a 
<*f»  of  Irregularity,  as  Profes-sor  Whipple  pliraseK  it,  is  encountered  in  the 
rsallty  of  a  water  supply,  no  matter  for  how  infreciuent  occasions,  there  is  pos- 
4Qie  damrer  and  the  effective,  economical  safeguard  of  chlorination  should  be 


BMmt^  concluding  my  discuaaion  on  chlorination  there  is  just  a  word  I 
■ttfa  to  aay  about  the  control  of  the  process.  Chlorination  without  control — 
'^Kirol  of  dosage,  analytical  control  of  quality  of  the  treated  water,  and  con- 
*n>l  cFTf-r  Alteration — Is  practically  worthless  as  a  barrier  against  water-borne 
otffctlan.  When  first  advocated,  the  Importance,  extent,  and  requirements 
fW  tile  control  of  the  chlorination  process  were  not  well  understood  nor  ^n- 
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phasized  to  any  extent.  Because  of  this  fact  there  are  very  many  chlorlnatlon 
Installation  to-day  that  are  giving  questionable  protection  to  the  communi- 
ties whom  they  were  installed  to  safeguard.  To-4ay  these  features  of  con- 
trol in  chlorination  are  tremendously  emphasized  and  are  considered  of  the 
utmost  importance.  The  dosages  of  chlorine  are  made  to  vary  with  the  par- 
ticular daily  variation  in  the  organic  matter  in  the  water  and  with  the  bac- 
teriological analyses,  the  rate  regularly  being  controlled  by  the  excess  chlorine 
test  Tlie  chlorine  feeding  apparatus  is  given  careful,  frequent  inspections 
several  times  daily  by  conscientious,  faithful  employees.  And  finally,  the  total 
efficiency  of  the  process  is  checked  daily  by  the  results  of  bacteriological  exami- 
nations of  the  chlorinated  water.  With  sudi  control  chlorination,  if  properly 
used  as  a  supplemental  process  in  eliminating  actual  pollution  or  as  a  pre- 
cautionary safeguard  against  potential  dangers,  will  be  found  to  be  one  of  the 
most  reliable  and  efficient  means  science  has  ever  devised  for  the  protection  of 
the  health  and  well-being  of  mankind. 

Doctor  Gumming.  Is  there  any  discussion  about  Mr.  Pincus's 
paper?  If  not,  we  will  stand  adjourned  for  luncheon,  it  being 
understood  that  the  automobiles  will  be  here  from  half  past  1  o'clock 
until  2  o'clock,  and  we  will  go  to  Arlington. 

(Whereupon  an  adjournment  was  taken.) 

AFTERNOON  SESSION,  MAY  17,  1922, 

(The  conference  reconvened  in  Arlington  County  courthouse  at 
4.30  o'clock  p.  m.) 

Doctor  CuMMiNo.  I  think  most  of  the  State  health  officers  are 
here. 

The  first  thing  on  the  program,  I  think,  is  Doctor  Rankin's  report 
on  rural  health  work.  When  they  hear  Doctor  Rankin  talking,  I 
know  the  rest  will  come  in.  This  is  a  very  important  report,  and  I 
feel  that  we  shall  all  be  interested. 

RURAL  HEAI/TH  WORK. 

Doctor  Rankin.  The  report  of  the  committee  on  rural  sanitation 
for  this  year  simply  returns  to  the  position  this  committee  has  taken 
for  the  past  two  years,  and  which  you  have  indorsed,  which  is  briefly 
that  the  conference  recognizes  the  problems  of  rural  sanitation  as 
problems  involving  joint  responsibility  by  the  Government  of  the 
American  people.  National,  State,  and  county.  The  second  prin- 
ciple which  you  have  indorsed  with  respect  to  dealing  with  the 
problems  of  rural  sanitation  is  that  of  stimulating  State  activity 
through  national  subsidy.  The  committee  has  nothing  to  add  that 
would  in  any  way  change  the  principles  upon  which  you  have  acted 
already. 

I  thought  it  might  be  interesting  to  you  to  point  out  very  briefly 
a  principle  upon  which  we  have  been  working  in  North  Carolina  and 
which  I  have  referred  to  in  discussing  the  subject  of  rural  sanitation 
once  or  twice  before.  In  some  10  years  experience  in  the  develop- 
ment of  local  health  departments,  we  have  found  that  the  adjust* 
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ment  of  central  or  State  influence  to  the  development  of  local  interest 
4U)d  responsibility  was  perhaps  the  most  di£Scult  problem  we  had 
to  deal  with.  We  have  felt  that  it  was  necessary  to  exercise  some 
stimalating  influence  in  the  development  of  coimty  health  work,  and 
at  the  same  time  we  have  recognized  the  danger  of  going  too  far 
with  that  sort  of  an  influence,  going  so  far  that  it  inhibited  or  pre- 
vented the  proper  growth  of  local  interest  and  responsibility.  You 
ctn  not  impose  salvation,  spiritual  or  physical,  upon  the  people. 
That  is  the  most  difficult  problem  we  have  had  to  deal  with.  We 
first  tried  exercising  a  good  deal  of  local  influence  by  saying  who 
the  coimty  health  officers  should  be.  Forty  per  cent  of  new  health 
officers  drop  out  in  the  first  two  years.  Wherever  we  have  been 
too  closely  identified  with  the  selec^on  of  a  local  health  officer,  we 
have  had  the  responsibility  for  his  failure  passed  back  to  us.  People 
have  complained  to  county  authorities,  and  they  have  said  the  State 
board  of  health  sent  them  down  here,  and  we  took  them  on  their 
recommendation,  and  the  board  slipped  up,  and  so  have  ^^  passed 
the  buck." 

Another  thing  we  tried  was  to  fonnulate  a  plan  for  the  local 
health  officer  and  so  exercise  influence  in  local  work,  and  by  going 
too  far  in  that  direction  we  have  gotten  into  trouble  again.  Wherever 
there  has  been  trouble  and  failure  we  are  held  responsible,  because 
local  authorities,  when  complained  to,  have  said  the  health  officers 
had  to  carry  out  the  plans  of  the  State  board  of  health.  The  prob- 
lon  has  been  to  exercise  a  directing  influence  rather  than  control, 
and  at  the  same  time  develop  local  interest  and  local  responsibility. 
In  bringing  that  about  we  have  endeavored  to  reduce  local  health 
work  to  a  cost  basis. 

Those  of  you  who  heard  the  last  speaker  will  remember  that  Doc- 
tor Draper  said  that  in  the  last  five  months  the  picture  which  he 
exhibited  was  shown  105  times  to  18,000  people,  and  the  average  cost 
of  showing  the  picture  to  each  individual  was  7.2  cents.  He  has 
reduced,  or  at  least  can  reduce,  that  sort  of  work  to  a  cost  work 
basis. 

We  have  attempted  in  North  Carolina  to  reduce  every  item  of 
work  that  the  local  health  officer  performs  to  a  cost  basis.  Please 
make  the  important  distinction  in  your  mind  between  costs  and 
values.  I  am  not  talking  about  health  values.  I  am  not  talking 
about  the  value  of  vaccinating  against  typhoid  fever.  I  am  talking 
about  what  it  cost  to  do  that  thing. 

A  form  of  report  in  use  in  North  Carolina  shows  the  health  work 
aj?Teed  upon  by  the  State  board  of  health  and  the  local  health  offi- 
ceiB— some  70  or  80  items.  It  is  not  supposed  that  each  county  health 
officer  can  do  the  whole  of  it.  At  the  end  of  the  month  he  will  report 
in  the  second  column  on  this  blank  form  [indicating]  the  number 
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of  each  item  of  work  which  he  has  successfully  accomplished.  Just 
to  illustrate  how  the  plan  works,  take  the  item  on  typhoid  vaccina- 
tion. There  is  an  established  value  of  50  cents  for  each  vaccination. 
That  is  more  than  it  costs  to  vaccinate  people,  but  that  is  the  cost 
value  permitted  here.  Suppose  the  health  officer  in  a  certain  county 
has  vaccinated  200  people  during  the  month;  he  puts  that  in  the 
second  column,  and  in  the  third  column  that  would  have  u  total 
cost  equivalent  of  $100.  Every  item  is  worked  out  on  the  same 
basis,  so  that  when  the  local  ofiicer  sends  this  report  in  at  the  end  of 
the  month  you  can  turn  over  to  the  last  page  and  find  out  the  total 
expenditure  in  that  county  during  the  month.  Suppose  he  si)ent 
$600  and  suppose  his  total  value  is  $600,  then  by  dividing  the  total 
cost  equivalent  you  get  his  earnings  on  the  dollar  expended,  namely, 
$1.  Suppose,  on  the  other  hand,  that  the  to4sal  cost  value  was 
$1,200 ;  then  he  had  earned  $2  on  every  dollar  exjjended.  This  per- 
mits us  to  reduce  the  health  work  of  the  coimties  to  a  common 
denominator,  which  the  ordinary  layman  understanda 

A  man  may  be  working  in  a  county  that  has  70,000  people  in 
it,  and  he  may  have  a  budget  of  $25,000.  Take  the  total  amount  of 
money  spent  each  month  and  divide  the  total  cost  equivalent  and  you 
get  what  he  earned  on  the  dollar.  Another  man  may  work  in  a  county 
of  12,000  people  on  a  total  budget  of  $5,000.  Take  his  total  earn- 
ings, divide  by  his  total  expenses,  and  get  his  earnings  per  dollar 
expended.  In  this  way  you  get  the  comparative  efficiency  of  the 
man  whether  he  be  at  work  in  a  large  or  a  small  county.  It  does  not 
make  any  difference  what  sort  of  work  he  is  doing.  One  may  be 
doing  trachoma  work  and  another  venereal-disease  work.  Another 
man  may  be  doing  malaria  and  typhoid  vaccination  and  medical- 
inspection  work.  You  reduce  the  work  of  both  counties  to  a  cost 
value  in  terms  of  the  dollar  and  can  make  a  comparison  between 
the  counties  irrespective  of  their  size  and  population  and  irresj>ec- 
tive  of  the  kind  of  health  work  which  is  being  carried  on. 

Our  State,  like  a  great  many  other  States,  subsidizes  local  health 
work.  We  pay  a  man  so  much  money  a  year — $2,500  a  year.  Instead 
of  conditioning  our  payment  of  State  funds  to  the  county  upon 
their  getting  a  health  officer,  upon  their  adopting  a  plan  which  we 
may  or  may  not  approve,  we  condition  the  State  subsidy  on  his  earn- 
ing capacity,  not  upon  prospective  service  he  is  supposed  to  render 
but  upon  service  rendered. 

Here  is  the  way  the  plan  works  out :  If  a  man  earns  a  dollar  on  a 
dollar  expended,  we  pay  him  $200  a  month.  We  are  paying  $2,400  a 
year.  Suppose  instead  of  earning  $1  on  the  dollar  expended  he  earns 
80  per  cent.    He  would  get  80  per  cent  of  $200,  or  $160  per  month. 

In  this  way  the  State  is  paying  over  the  money  to  the  county  and.  is 
absolutely  protected  against  inefficiency.    If  a  man  does  not  earn  a 
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dollar  for  the  dollar  expended,  to  that  extent  he  loses  State  funds. 
You  can  guarantee  the  appropriation  conunittee  of  your  legislature 
thai  their  money  will  not  be  spent  for  prospective  service  but  only 
for  service  that  has  been  rendered. 

You  may  he  interested  in  seeing  how  this  works  out.  Here  are  24 
counties  that  have  been  tabulated  for  three  months.  You  will  see  all 
the  items  over  there  in  the  first  coliunn  [indicating],  the  names  of 
the  counties  at  the  top,  and  you  can  turn  to  the  bottom  of  the  last  row 
of  figures,  which  gives  the  earning  capacity  of  each  county  on  the 
dollar  expended.  These  24  counties  during  the  last  three  months 
rxpended  $47,432.59.  They  have  done  $69,234  worth  of  health 
work  and  earned  $1.44  on  the  dollar  expended.  Looking  at  the 
amount  of  earnings  by  each  individual  county,  you  will  see  that  one 
(tiunty  earned  $1.22,  the  next  $2.23,  the  next  $2.09,  another  $1.12,  an- 
other $1 J28,  another  $1.57,  and  another  $1X)1.  There  are  two  counties 
♦Tuning  only  81  cents  on  the  dollar  and  one  earning  only  69  cents  on 
the  dollar  expended. 

One  more  point  and  I  am  through*  The  question  may  be  raised  as 
lo  whetlier  the  value  of  the  individual  items  of  work  are  too  high  Or 
too  low.  It  does  not  make  any  difference  whether  you  are  dealing 
with  an  inflated  or  deflated  currency.  In  either  event  you  have  a 
i^ndard  of  measurement — the  average  earning  on  the  dollar  ex- 
pended. If  the  health  officer  falls  down  in  his  earning  capacity  the 
people  wiU  not  keep  him.    He  has  to  earn  his  money. 

Xny  questions?    If  so,  I  shall  be  very  glad  to  try  to  answer  them. 

Doctor  Sriuas,  How  about  your  bookkeeping? 

IXoctor  Rankjn.  It  is  a  very  simple  matter.  I  am  glad  Doctor 
Stiles  brought  that  up,  because  a  system  of  records  is  necessary  in 
thJ>  sr>rt  of  thing.  We  have  here  a  little  card  which  is  just  the  size 
of  an  ordinary  index  card  which  fits  in  a  file  case,  and  if  the  man 
h;iK  for  exaniple,  a  case  of  vaccination,  he  writes  tlie  name.  I'ace, 
Kr..  and  checks  typhoid  vaccination,  or  w^hatever  it  may  be,  and  tlmt 
IS  flmpped  in  his  typhoid  vaccination  folder.  It  takes  him  two  or 
three  9ec*onds  to  make  out  the  card. 

The  understanding  with  tl>e  health  officers  is  that  we  i^all  take 
:i-«<»  of  tJiese  cards  and  check  his  records.  Nin^y-six  to  ninety -eight 
I'tT  cent  of  the  men  are  honest,  but  we  have  to  protect  ourselves 
a;rainst  an  occasional  dishonest  man. 

Doctor  Stiles.    Who  audita  them? 

Doctor  Rankin.  The  State  board  of  health  audits  them.  We 
take  out  200  cards  a  year.  That  is  our  regulation.  If-  you  go 
ij^foTB  an  appropriation  committee  and  tell  them  that  money  is 
tieeded*  and  the  legislator  says,  "How  do  you  know,"  you  can  give 
The  name  and  the  address,  and  the  place  where  all  the  work  is  done. 
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for  example,  a  privy  being  built,  or  what  not.    There  is  enough  to 
verify  the  work. 

Doctor  Garrison.  You  base  the  salary  of  the  local  health  officer 
on  the  results  he  gets? 

Doctor  Bankin.    Yes. 

Doctor  Garrison.    What  is  the  average  salary? 

Doctor  Garrison.  The  salaries  vary  from  $2,700  to  $4,600,  and 
$600  additional  for  travel. 

A  Member.  What  do  you  mean  by  results? 

Doctor  Rankin.    His  earning  capacity  on  the  dollar  expended. 

Doctor  Gumming.  Is  there  any  discussion  about  Doctor  Rankings 
paper?  Unless  there  is  some  objection,  it  seems  to  me  it  will  be 
well  worth  while,  inasmuch  as  we  are  out  in  the  country,  to  clear 
up  the  rural  health  work.    * 

Doctor  Welch.  Let  Doctor  Lumsden  read  his  paper  and  discuss 
them  together. 

Doctor  Lumsden.  I  shall  not  undertake  a  comprehensive  discus- 
sion of  Doctor  Rankin's  paper.  The  evaluation  system  which  is  being 
tried  out  in  North  Carolina  is  exceedingly  interesting  and  may  prove 
in  practice  to  be  of  value  in  the  administration  generally  of  coopera- 
tive health  work.  From  my  present  limited  knowledge  of  the  details 
of  the  system  it  seems  to  me  to  present  some  definite  advantages  and 
some  definite  disadvantages. 

In  the  course  of  a  fairly  extensive  and  intensive  study  of  rural 
health  activities  I  have  become  more  and  more  impressed  with  the 
importance  of  clear  perspective  in  local  health  work.  The  most 
important  constant  concern  of  the  local  health  officer  should  be  not 
what  may  count  most  in  some  evaluation  system  when  recorded  on 
a  sheet  of  paper  but  what  his  department  can  do  with  the  resources 
available  and  under  the  local  conditions  obtaining  which  will  do 
most  for  the  prevention  of  disease  and  the  promotion  of  health.  I 
can  conceive  that  a  local  health  officer  with  clear  perspective  might 
concentrate  for  a  period  of  weeks  or  months  his  activities  along  lines 
which  would  make  little  or  no  showing  in  some  elaborate  evaluation 
system  but  by  so  doing  lay  a  solid  foundation  for  big  constructive, 
lasting  work,  while  another,  with  clouded  perspective,  might  take 
short  cuts  to  transient  success  on  paper  and  accomplish  little  or  noth- 
ing of  lasting  benefit  to  his  community. 

The  program  of  health  work  in  Arlington  County,  Va.,  of  which 
we*have  had  a  somewhat  sketchy  view  this  afternoon,  could  not  have 
been  carried  to  its  present  degree  of  success,  or  to  any  degree  of  suc- 
cess, if  the  county  health  officer  had  not  given  a  large  proportion 
of  his  time  for  a  period  of  about  six  months  to  cases  in  court.  With- 
out the  work  in  court  the  whole  program  of  health  activities  would 
have  been  terminated,  but  that  work  in  court  probably  would  not 
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kftTe  counted  as  '^  results "  in  some  of  the  evaluation  systems  pro- 
posed. 

I  shall  review  briefly  now  the  health  work  in  this  county.  The 
work  was  begun  in  August,  1919,  as  a  cooperative  project  in  which 
the  county  authorities,  the  local  Bed  Cross  chapter,  the  State  board 
of  health,  the  United  States  Public  Health  Service,  and  the  Inter- 
national Health  Board  participated. 

The  funds  provided  the  first  year  for  the  support  of  this  demon- 
stration in  rural  health  work  totaled  $8,000,  of  which  $4,000  was 
appropriated  by  the  county  government.  The  appropriation  by  the 
county  government  for  the  second  year  of  the  work  was  $12,000. 
The  budget  for  the  third  (the  present)  year  is  about  $24,000,  of 
which  about  $21,700  is  provided  by  the  county  and  $2,300  is  allotted 
from  the  mral-sanitation  fund  of  the  Public  Health  Service.  The 
funds  available  now  amount  to  about  $1.25  per  capita  of  population, 
which  is  the  largest  I  know  of  for  the  support  of  healthy  work  in  a 
strictly  rural  community,  and  is  sufficient  for  a  comprehensive, 
effective  program  of  health  activities  under  these  local  conditions. 

From  the  beginning  of  the  work  the  county  health  officer  has  en- 
deavored— ^as  all  health  officers  should — ^to  carry  out  in  logical 
sequence  the  different  branches  of  health  work  needed  and  feasible — 
one  activity  following  and  dovetailing  with  another  without  increas- 
ing overhead  expense. 

Among  the  first  activities  concentrated  upon  by  the  county  health 
department  was  the  control  of  soil  pollution.  You  have  observed 
that  the  county  is  thickly  built  up.  The  area  is  only  28  square  miles 
ind  the  population  is  about  19,000.  There  was  no  public  sewerage 
system  nor  public  water  supply.  At  a  large  majority  of  the  dwell- 
ings in  1919  open  surface,  grossly  insanitary  privies  were  in  use. 
Typhoid  fever,  dysentery,  and  worm  infections  were  prevalent. 
Under  good  business  management  and  with  remarkable  rapidity, 
boi-and-can  sanitary  privies,  septic  tanks,  and  water-tight  sewage 
tanks  were  installed  and  a  public  scavenger  service  inaugurated.  Of 
the  3yS00  dwellings  in  the  county,  about  2,000  have  been  equipped 
with  box-and-can  sanitary  privies  and  about  1,600  with  either  septic 
tanks,  with  subsoil  disposal  of  effluent,  or  with  water-tight  sewage 
tanks  from  which  the  sewage  is  pumped.  The  public  scavenger  serv- 
ice is  more  than  self-supporting  by  a  margin  of  profit  of  over  $10,000 
annually. 

The  next  activity  concentrated  upon  by  the  health  department  was 
tbe  pbjocal  examination  of  school  children  and  the  carrying  out 
of  a  sjstem  of  follow-up  visits,  health  games,  and  general  educa- 
tkmal  measures  to  secure  correction  of  physical  defect  found. 
H«alth  dobs  were  formed  in  the  school.  The  general  health  club 
rf  each  school  competed  with  the  general  health  clubs  of  the  other 
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schools.  Each  grade  in  the  school  has  a  health  chib  to  compete  with 
those  of  the  other  grades  in  the  same  school,  and  in  each  grade  thert 
are  a  boys'  club  and  a  girls'  club  which  compete  with  each  other.  As 
a  result  of  the  competition  system  for  health  standing,  the  degree  of 
well-directed  enthusiasm  for  health  among  the  school  children  of 
this  county  is  most  remarkable.  Over  80  per  cent  of  the  physical 
defects  found  on  the  first  round  of  examination  have  been  corrected, 
In  three  of  the  larger  schools  a  record  of  100  per  cent  corrections  of 
corrigible  physical  defects  has  been  made.  In  none  of  those  three 
schools  can  a  decayed  tooth  be  found.  Think  of  it !  Enlarged  or 
diseased  tonsils,  adenoids,  and  marked  malnutrition  now  are  un- 
fashionable and  are  viewed  with  derision  by  the  membership  of  the 
school  health  clubs.  A  dentist  on  the  county  health  departnaent 
force  works  all  day  every  day  fixing  the  teeth  of  and  teaching  mouth 
hygiene  to  the  school  children.  Tonsil  and  adengid  operations  are 
obtained  under  contract  at  a  cost  of  $15  a  case  at  the  near-by  city 
hospitals.  In  each  grade  in  each  school  there  are  a  boy  hea^h  officer 
and  a  girl  health  officer.  They  definitely  understand  that  they  are 
members  of  the  working  force  of  the  county  health  department,  of 
the  State  board  of  health,  and  of  the  United  States  Public  Health 
Service.  They  perform  their  duties  with  a  zeal  and  diligence  which 
make  some  of  us  older  ones  feel  like  back  numbers  and  realize  that 
great  are  the  wonders  of  democracy. 

From  the  beginning  of  the  work  measures  to  prevent  the  spread 
of  infection  from  cases  of  acute  communicable  disease  have  been  car- 
ried out  as  rigidly  as  practicable  and  invariably  have  been  given 
priority  over  other  activities  of  the  health  department. 

In  this,  the  third,  year  of  the  work  special  activities  for  the  promo- 
tion of  infant  and  maternity  and  preschool  child  hygiene,  adult  life 
extension,  and  tuberculosis  control  have  been  well  started.  At  the 
two  baby  clinics  over  250  babies  were  examined  in  the  fii'St  month  of 
that  special  activity. 

At  our  annual  conferences  for  some  years  past  I  have  endeavored 
to  emphasize  the  advantages  of  well-balanced,  effective,  economical, 
and  comprehensive  local  health  service  performed  under  the  direi*- 
tion  of  one  whole-time  local  health  officer,  so  as  to  have  a  maximum 
of  work  with  a  minimum  of  overhead  expense. 

This  work  in  Arlington  County  appears  to  me  to  demonstrate  well 
the  fundamental  advantages  of  such  direction  of  all  branches  of 
health  work  in  rural  districts.  Every  public  health  activity  here  is 
carried  out  under  one  administrative  head.  It  is  a  job  with  a  man 
on  the  job  who  knows  it.  The  health  nurse  engaged  especially  on 
infant  hygiene  work  or  on  school  hygiene  work  may  be  assigned  to 
other  duties  from  time  to  time,  as  the  health  officer  at  the  head  of  the 
unit  deems  advisable.    With  all  members  of  the  force  under  one 
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administrative  direction,  there  is  at  least  a  chance  for  economy  and 
efficiency  in  the  public  health  business.  So  much  for  Arlington 
County. 

I  have  jurt  completed  the  tabulation  of  the  returns  from  the  State 
health  department  on  the  progress  of  whole-time  local  health  service 
in  our  rural  districts  during  the  calendar  year  1921.  It  is  exceedingly 
^^ratifying  to  me,  and  I  am  sure  it  will  be  so  to  you,  to  know  tha^ 
in  1921,  which  was  a  year  of  general  economic  depression,  the  num* 
ber  of  counties  or  equivalent  divisions  wholly  or  in  large  part  rural 
provided  with  local  health  service  under  the  direction  of  whole-time 
local  (county  or  district)  health  officers  was  increased  from  161  to 
208,  a  gain  of  42.  I  think  that  all  of  us  who  have  preached  and 
prayed  and  worked  and  fought  for  the  common-sense  principle  of 
reasonably  adequate  local  public  health  service  under  the  direction 
of  duly  qualified  whole-time  local  health  officers  should  be  encour* 
aged  from  the  report  of  progress  in  1921  to  hope  with  reason  for 
great  results  in  this  vitally  important  field  within*  the  next  decade. 

We  who  from  study  and  experience  know  something  of  the  admin* 
iiArative  principles  involved  in  rural  health  work  lAould  avoid 
advocating  makeshifts  which,  though  at  times  perhaps  offering  tem« 
porary  gains,  will  result  in  permanent  loss.  We  should  hold  to  our 
faith  and  express  that  faith  with  both  words  and  work.  If  we  do 
not,  we  shall  not  do  our  full  duty  to  those  we  serve. 

Doctor  CuHMiNo.  Is  there  any  discussion  of  this  excellent  report ! 
To  my  mind  these  have  been  exceedingly  important  reports. 

We  do  not  want  to  discriminate,  but  Doctor  Park  is  coming  down 
from  New  York  to-morrow,  and  has  to  go  back.  His  paper  is  a  very 
important  one. 

If  it  is  not  imposing  on  you  too  much,  I  would  suggest  that  we 
meet  at  9.80.  I  would  like  to  have  some  expressions  of  opinion. 
Suppose  we  have  a  motion. 

Doctor  McCoBMACK.  I  move  that  we  meet  at  9  o'clock. 

(The  motion  was  duly  seconded  and  carried.) 

Doctor  CnHMiNo.  We  will  meet  at  9  o'clock  to-morrow  morning 
It  the  Red  Cross  Auditorium. 

(Whereupon,  at  6.16  o'clock  p.  m.,  the  conference  adjourned  until 
May  18, 1922,  to  meet  in  the  auditorium  of  the  Bed  Cross  Building 
it9o'dk>cka»m.) 

MORNING  SESSION,  THURSDAY,  MAY  18,  1922. 

(The  conference  met  at  9  o'clock  a.  m.) 
Doctor  CuMMiNO.  The  conference  will  please  come  to  order. 
The  Public  Health  Service,  as  you  know,  functions  under  the 
Tf^asury  Department,  and  we  are  fortunate  in  having  with  us  the 
IWH— 22 i 
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Assistant  Secretary  of  the  Treasury,  who  takes  a  very  active  interest 
in  the  welfare  of  the  service.  Colonel  Clifford  has  been  good  enough 
to  come  here  this  morning,  and  will  address  you,  and  I  take  pleasure 
in  introducing  Mr.  Edward  Clifford,  Assistant  Secretary  of  the 
Treasury. 

Mr.  Clifford.  It  is  related  that  when  Mark  Twain  was  taken  to  the 
White  House  to  be  presented  to  President  Grant,  after  the  introduc- 
tion, the  President,  who  had  a  cigar  in  his  hand,  put  it  in  his  mouth 
and  began  to  smoke  it.  Mark  also  pulled  out  a  cigar,  put  it  in  his 
mouth,  and  looked  at  Greneral  Grant.  The  President  then  removed 
his  cigar  for  a  moment,  replaced  it,  looked  at  Mark,  and  again  began 
to  smoke.  Mark  Twain  did  likewise,  and  continued  looking  at  the 
President.  The  third  time  that  the  President  put  his  cigar  in  his 
mouth  without  saying  anything,  Mark  could  not  stand  the  silence  any 
longer;  so  he  shifted  his  position  and  said,  "Mr.  P-P-President,  I 
am  em-em-embarrassed.    Are  you  ?  " 

That  is  the  way  I  feel  this  morning.  As  I  have  said  to  the  Surgeon 
General,  I  do  not  understand  why  a  banker  was  selected  to  supervise 
the  United  States  Public  Health  Service,  but  it  may  be  that  in  shift- 
ing the  political  cards  here  I  got  the  job  which  was  intended  for  Dr^ 
Hubert  Work,  who  is  now  Postmaster  General. 

However,  I  am  glad  to  be  here  this  morning,  and  on  behalf  of  th€ 
Treasury,  welcome  you  to  this  conference.  I  think  we  have  an 
efficient  United  States  Public  Health  Service.  As  all  of  you  ^ntle^ 
men  know,  it  has  been  put  to  the  test  during  the  last  three  years  in 
caring  for  the  sick  and  disabled  World  War  veterans,  and  has  noi 
been  found  wanting.  I  am  not  going  into  that  subject  except  to  saj 
that  the  work  was  thrown  on  the  United  States  Public  Health  ServJ 
ice  in  March,  1919,  without  any  warning.  From  that  time  up  until 
the  1st  of  May,  1922,  when  the  veterans'  hospitals  were  transferred 
to  the  Veterans'  Bureau,  it  gave  treatment  to  over  200,000  disable<i 
World  War  veterans.  There  is  no  question  in  my  mind  but  that  th< 
whole  country  realizes,  more  than  ever  before,  the  enormity  of  th^ 
task  performed  by  the  United  States  Public  Health  Service,  and  1 
think  it  will  go  down  in  the  history  of  that  service,  which  has  beei 
functioning  since  1798,  as  a  notable  achievement.  Now  that  thi 
problem  has  been  rightfully  lifted  from  its  shoulders,  I  think  we  ma^ 
expect  much  greater  things  in  the  regular  public-healtfc  work. 

It  seem^  to  me  that  the  United  States  Public  Health  Service  hai 
two  main  functions.  One  is  to  prevent  contagious  diseases  enterin| 
the  country  through  the  immigrant  and  to  guard  against  the  inter 
state  spread  of  disease.  It  can  not  be  expected  that  this  work  yri\ 
be  done  by  the  State  or  local  authorities.  This  national  work  wi| 
be  done  just  as  efficiently  as  Congress  will  permit  the  service  to  do  i\ 
For  the  United  States  Public  Health  Service  can  function  only  alonj 
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the  lines  for  which  Congress  appropriates  the  money.  I  trust  and 
belieTe  that  Congress  will  be  fair  in  the  matter  of  appropriations 
lod  that  the  service  will  have  adequate  funds  to  continue  that  work 
ind  bring  it  up  to  an  even  hi^er  standard ;  in  fact,  it  should  do  bet> 
ter  than  during  the  past  three  years  now  that  it  does  not  have  the 
responsibility  of  caring  for  the  veterans  of  the  World  War. 

I  am  one  of  those  who  believe  that  the  National  Government 
should  never  do  anything  which  private  individuals  or  local  govern- 
ments can  do.  You  will  see  that  I  am  opposed  to  Government 
ownerdiip  of  any  kind.  I  am  opposed  to  the  National  Government 
ttsurping  any  of  the  powers  which  should  be  exercised  by  the  indi- 
Tidoal  or  by  the  State  or  local  governments.  That  does  not  mean 
that  I  am  not  in  favor  of  regulation.  I  believe  in  private  ownership 
with  strict  regulation.  The  initiative  of  the  individual  must  not  be 
killed.  The  best  service  will  be  rendered  to  the  people  of  the  coun* 
trv  where  individual  initiative  is  unhindered. 

If  you  read  the  history  of  our  Government  and  how  it  was 
formed,  you  know  how  jealous  the  13  colonies  were  in  giving  any 
powers  to  the  National  Government.  They  only  gave  the  United 
States  certain  powers  and  retained  all  the  others  themselves.  Now, 
beeanse  the  Federal  Government  has  functioned  rather  well  and 
has  the  enormous  resources  of  the  National  Treasury  back  of  it, 
there  has  been  a  growing  habit  on  tJie  part  of  a  great  many  people 
uf  this  country  to  run  to  Washington  every  time  a  vexatious  prob- 
km  is  presented  to  them.  The  result  is  that  ^  there  has  grown  up 
a  strong  central  Federal  Government,  which  has  been  gradually 
doeuig  upon  State  and  local  governments  in  performing  local  f unc- 


I  think  we  have  gone  entirely  too  far  in  centralized  government, 
und  I  think  it  is  time  that  the  people  of  the  country  take  account 
»f  Jtock,  90  to  speak,  to  see  just  where  we  are  drifting.  I  believe 
Lbe  more  thoughtful  ones  will  conclude  that  we  are  putting  too 
noch  of  the  burdea  on  the  National  Government  and  making  it  do 
:oo  much  of  what  the  States  and  municipalities  ought  to  do. 

I  will  go  so  far  as  to  say  that  I  am  opposed  to  the  spending  of 
nooey  from  the  National  Treasury  in  the  various  States  where  the 
mlj  benefit  is  to  the  local  residents.  I  am  strongly  of  the  feeling 
bMi  we  should  be  jealous  of  our  local  rights,  and  not  let  the  Na- 
ujnal  Government,  just  because  certain  people  think  it  can  function 
ttCier  than  the  local  authorities,  come  in  and  try  to  regulate  us 
J»d  do  all  the  police  work  which  we  should  do  ourselves.  Therefore, 
be  aecond  function,  it  seems  to  me,  of  the  United  States  Public 
letHfa  Service,  and  I  know  that  this  is  the  feeling  of  the  Surgeon 
general  and  of  his  associates,  is  to  be  an  aid  to  the  local  government 
b  aotving  their  local  health  problems. 
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On  account  of  the  experience  and  the  facilitiefi  which  the  Na- 
tional  Public  Health  Service  has,  it  should  do  the  investigating 
and  the  laboratory  woric  and  should  coordinate  all  the  work  which 
is  being  done  in  the  various  States,  and  should  be  a  sort  of  central 
agency  of  suggestions,  if  I  might  put  it  that  way,  to  which  the  local 
health  people  may  come  to  get  the  concentrated  ideas  of  all  the 
men  who  are  doing  public-health  work.  That  is  the  thought  the 
United  States  Public  Health  Service  has;  that  you  may  me^  under 
a  central  agency  which  has  the  machinery  to  gather  together  and. 
to  use  the  word  so  popular  in  Washington  at  the  present  time^  '^  co- 
ordinate"  public-health  thoughts  and  the  publio-health  investiga- 
tions and  tabulate  the  results,  so  that  they  may  be  of  benefit  to  all. 

I  think  the  local  health  problem  in  Evanston,  111.,  where  I  live,  is 
a  matter  for  the  Evanston  people  to  attend  to,  and  we  should  have 
a  strong  public  health  service  there.  I  think  we  have.  However, 
the  inspiration  should  come  from  the  Public  Health  Service  in  Wash- 
ington, through  the  Illinois  Board  of  Health,  so  that  our  local  health 
service  can  have  the  best  thoughts  and  ideas  and  get  the  best  results 
from  the  investigation  that  the  National  Gk)vemment  is  making  and 
apply  it  to  our  local  problems.  As  a  citizen  of  Evanston,  I  would 
resent  having  a  national  public  health  man  coming  to  Evanston  and 
telling  us  what  to  do,  unless  at  our  request.  I  am  sure  under  this 
administration  there  is  no  thought  of  the  officers  of  the  United  States 
Public  Health  Service  going  to  any  community  and  endeavoring  to 
dictate  as  to  the  handling  of  its  public-health  problems,  altfaongh 
we  are  called  upon  to  do  that  a  great  many  times. 

A  college  classmate  of  mine  in  a  distant  State  recently  thought 
that  the  health  conditions  in  his  town  were  bad,  so  he  wired  me  to 
send  a  United  States  Public  Health  specialist  to  his  town  to  make 
an  investigation  and  tell  the  local  physicians  what  to  do.  I  replied 
that  we  would  be  very  glad  to  cooperate  with  the  physicians  in  his 
community  upon  the  request  of  the  board  of  health  of  his  State; 
that  if  his  local  physicians  would  put  the  problem  before  the  State 
board  of  health  and  that  board  felt  that  they  needed  some  advice 
and  suggestions  from  the  specialists  of  the  United  States  Public 
Health  Service  in  Washington  these  specialists  would  gladly  be  sent. 
That  is  the  idea  I  have  of  the  position  which  the  Federal  Public 
Health  Service  should  take  on  questions  of  this  kind. 

We  have  a  hygienic  laboratory  here  where  we  should  make  all  the 
investigations  we  possibly  can  and  give  the  results  to  you  public- 
health  men  from  the  various  States.  We  should  take  the  literature 
relative  to  public-health  work  which  any  of  you  men  get  out  and 
have  it  put  in  permanent  shape  for  distribution  to  those  of  you 
from  other  States,  and  we  should  have  frequent  conferences,  not  only 
national  but  conferences  in  the  various  States.    We  should  furnish 
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specialists  on  public-health  problems  to  come  to  your  State  and 
address  the  conferences.  When  you  have  particular  problems  for 
inrestigation  we  should  have  our  national  public-health  men  go  to 
joar  States,  upon  your  requests,  and  help  you  make  these  investiga- 
tioos  and  cooperate  with  you  in  making  your  States  healthful  com- 
munities. We  want  to  give  you  all  the  practical  assistance  that  we 
can. 

I  realize  in  doing  this  that  the  Surgeon  General  must  send  out 
physicians  who  are  men  of  tact;  that  they  must  not  be  getting  in 
where  they  are  not  wanted,  and  when  they  do  go  into  your  States 
they  must  conduct  themselves  so  that  there  will  not  be  a  feeling  on 
the  part  of  the  local  people  that  the  Federal  Government  is  usurping 
the  States'  powers.  I  recently  heard  a  speaker  describe  the  differ- 
ooe  between  courtesy  and  tact.  He  said  a  master  plumber  in  Phila- 
delphia was  instructing  his  workmen  who  went  about  fixing  bath- 
rooms. He  told  them  they  must  be  both  courteous  and  tactful.  He 
Aid,  ^If  you  step  into  a  bathroom  and  find  a  lady  taking  a  bath, 
m  v<m  back  out  of  the  room  you  should  say,  *  Excuse  me,  madam,' 
that  would  be  courteous ;  but  if  you  should  say, '  Excuse  me,  sir,'  that 
would  be  tactful." 

As  I  said  at  the  beginning,  I  do  not  know  that  there  is  anything 
I  can  say  to  you  gentlemen  except  to  tell  you  this,  on  the  part  of 
the  administration  and  the  Treasury.  We  are  very  glad,  indeed, 
that  we  have  such  a  splendid  lot  of  men  and  women  who  have  taken 
op  the  health  problem  throughout  the  country.  I  say  ^^  splendid  " 
men  and  w<nnen  because  in  the  year  that  I  have  had  supervimon  of 
the  Poblic  Health  Service  I  know  what  you  are  doing.  I  know  that 
there  is  a  lot  of  hard  work  and  no  particular  glory  in  it  for  you,  and 
Dot  very  much  money ;  but  if  this  country  is  to  function  properly 
tad  not  degenerate,  we  have  got  to  have  the  interest  of  high-class 
men  and  women  in  public  affairs.  Most  people,  of  course,  are  selfish. 
Wie  diall  never  attain  the  highest  plane  of  civilization  in  this  coun- 
try if  there  are  not  in  every  conmiunity  some  people  who  are  un- 
sdfiflh  and  who  will  do  their  part  for  the  public  good.  There  are  a 
l^reat  many  reformers  that  do  not  reform  very  much.  They  get  in 
the  stream  and  muddle  it  up,  and  somebody  who  thinks  straight 
comes  along  and  steers  the  proper  course. 

I  find  through  my  supervision  of  the  Public  Health  Service  that 
the  physicians  of  this  country  are  usually  men  who  think  straight. 
Some  one  said  about  you,  in  paying  a  compliment  to  the  physicians 
of  the  conntry,  that  medicine  is  the  only  decent  profession  for  a  gen- 
tleman ;  but  he  said  you  all  work  hard,  live  well,  and  usually  die  poor. 

The  physicians  of  the  country  can  do  more  good  by  guiding  the 
people  alon^  right  living,  not  only  physically  but  morally  and  men- 
ttlhr.  than  anvone  else.    I  am  delighted  to  know  that  we  have  so 
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many  upstanding  men  and  women  who  are  grappling  with  these 
problems  all  over  the  United  States.  Anyone  who  traveb  knows 
how  far  ahead  we  are  in  sanitation  and  public  health  compared  with 
other  countries,  and  I  think  it  is  due  to  the  fact  that  there  is  some- 
*  thing  about  your  corps — ^you  physicians  and  sanitarians  of  this 
country — some  sense  of  responsibility  to  our  Government  and  to  our 
people. 

It  is  fortunate  that  we  have  such  a  lot  of  public-spirited  citizens 
who  are  thinking  of  what  they  can  do  for  their  fellow  men  and  who 
are  spending  a  good  part  of  their  time  for  the  public  good. 

You  State  public  health  officers  and  sanitarians  are  doing  a  won- 
derful  work,  and  the  Treasury,  through  its  Public  Health  Service, 
wants  to  encourage  you.  You  can  count  on  this  bureau,  with  Sur- 
geon General  Gumming  at  the  head  of  it,  to  do  its  part  in  cooperating 
with  you  in  every  way  possible.  Of  course,  you  must  not  expect 
that  we  can  solve  all  the  problems  that  come  up,  but  we  will  do  our 
best.  We  do  not  expect  to  come  into  your  field  and  do  your  work 
for  you,  but  we  do  want  to  be  here  with  a  strong,  central,  expert, 
scientific  organization  which,  with  your  cooperation,  will  endeavor 
to  solve  the  public  health  problems  as  they  come  up  and  make  the 
United  States  the  healthiest  place  in  the  world. 

I  hope  that  you  will  feel  free  to  come  to  see  us  and  to  write  us 
and  that  you  will  send  us  the  results  of  your  investigations,  so  that 
we  may  have  the  benefit  of  your  advice  and  suggestions  and  cooperate 
with  you  in  every  way. 

I  thank  you  for  giving  me  the  opportunity  of  welcoming  you  on 
behalf  of  the  Treasury. 

Doctor  Welch.  The  president  of  the  conference,  on  behalf  of  the 
conference,  I  wish  would  thank  the  gentleman  for  his  good  Ameri- 
can talk.  I  do  not  think  there  is  a  man  in  this  audience  that  can't 
respond  most  heartily  to  everything  he  says  and  thank  him  for  the 
angle  of  view  which  he  tells  us  that  the  administration  at  Wash- 
ington has.  Irrespective  of  parties,  we  have  all  felt  in  the  last 
quarter  of  a  century  that  we  were  tending  too  much  to  centraliza* 
tion,  and  as  a  representative  of  the  rural  districts  of  this  country 
I  wish  to  thank  the  Assistant  Secretary  for  what  he  said  this  morn- 
ing in  behalf  of  the  conference. 

Doctor  Gumming.  I  am  sure  we  all  appreciate  very  much  the  As- 
sistant Secretary's  coming  here  this  morning,  because  he  has  a  great 
deal  of  work,  and  he  asked  me  to  tell  you  that  he  had  a  definite 
engagement  with  the  Speaker  of  the  House  of  Representatives  and 
asked  to  be  excused. 

The  program  was  slightly  disarranged,  as  you  know,  yesterday 
afternoon,  but  we  will  continue  here.  Doctor  Frost  is  not  here. 
The  next  paper  is  "  Gooperative  certification  procedure,"  a  matter 
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of  eonsiderable  importanoe,  and  I  will  ask  Mr.  Emerson,  State  engi- 
neer of  Pennsylvama,  to  speak.  It  is  a  matter  in  which  we  are  very 
inueb  interested. 

COOPERATIVE  CERTIFICATION  PROCEDURE. 

Mr.  Embbson.  Mr.  chairman  and  gentlemen,  it  has  been  said  by 
some  that  the  amount  of  time  devoted  to  the  certification  of  water 
supply  for  interstate  carriers  is  out  of  all  proportion  to  the  public 
bcahfa  benefits  derived  from  this  work.  A  statement  such  as  this 
should  be  carefully  investigated  and  I  would  like  the  opportunity 
of  offering  a  few  points  for  your  consideration  in  future  discussions 
on  this  subject. 

At  the  present  time  the  railroads  of  our  country  are  taking  water 
supplies  for  use  of  passengers  from  some  three  thousand  different 
points.  Many  of  these  are  privately  owned  supplies,  and  if  ft  were 
not  for  this  certification  there  would  be  no  public  health  supervi- 
sion over  such  supplies.  In  numerous  other  instances — even  though 
the  supply  is  also  furnished  the  public  in  municipalities — the  laws 
of  ibe  State  are  such  that  the  health  authorities  would  be  unable  to 
iseae  orders  for  sanitary  improvement  and  the  power  delegated 
through  the  cooperation  of  the  Federal  Public  Health  Service  is 
shout  their  only  method  of  bringing  these  supplies  to  tiie  desired 
standard. 

To  some  of  you  this  will  mean  little,  but  to  others,  and  particu- 
larly the  executives  of  the  State  where  the  majority  of  railroad 
watering  points  are  privately  owned  or  where  the  laws  respecting 
parity  of  water  supplies  gives  the  State  health  organization  but 
little  pbwer,  this  statement  should  mean  a  great  deal. 

Another  feature  now  being  given  attention  is  the  method  of  han- 
dling the  water  supply  on  trains.  You,  of  course,  appreciate  the 
opportunities  for  contamination  of  a  pure  supply  through  careless 
or  ignorant  yard  gangs  and  train  crews.  The  undesirable  conditions 
obtaining  in  the  past  are  being  rapidly  corrected. 

There  is  an  impression  from  some  quarters  that  this  whole  policy 
is  in  a  nebulous  state.  This  is  hardly  fair,  either  to  the  Public  Health 
Serrice  or  to  the  engineers  of  the  various  States  who  are  doing  the 
field  work.  Last  year  a  report  was  made  to  the  Surgeon  Oeneral 
l>y  a  committee  of  sanitary  engineers,  and  this  report  was  approved 
l»7  your  organization.  Certain  recommendations  for  modification 
fif  die  certification  method  then  being  used  were  promptly  adopted 
I'T  the  Surgeon  General's  office,  and  after  almost  a  year's  trial  of  this 
modified  procedure  I  have  within  the  past  two  days  been  informed 
by  a  number  of  the  engineers  here  in  conference  that  no  further 
modifications  of  any  moment  are  necessary  at  the  present  time,  as 
the  whole  project  is  working  so  well. 
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The  Public  Health  Service  has  asked  for  the  opinion  of  the  engi- 
neers as  to  the  proposed  modification  of  interstate  quarantine  regu- 
lations respecting  the  discharge  of  sewage  in  the  vicinity  of  water- 
works intakes.  The  engineers'  conference  has  considered  this  care- 
fully and  has  instructed  me  to  report  to  you  that,  should  the  Public 
Health  Service  bring  this  clause  up  for  amendment,  the  engineers 
favor  it. 

Another  point  which,  I  believe,  should  appeal  to  the  State  health 
executives  is  the  mere  fact  that  a  report  must  be  made  to  the  Fed- 
eral Government  each  year  on  the  quality  of  water  supply  taken 
from  the  public  mains  by  the  railroad  companies  is  a  great  incentive 
to  your  engineering  force,  for  it  constitutes  a  check  on  the  extent 
of  their  water-control  work  throughout  the  State.  It  is  conceivable 
that  this  examination  for  'railroad  purposes  may  also  serve  to  bring 
to  light  dangerous  conditions  affecting  the  citizens  of  the  munici- 
pality using  this  same  water  in  their  homes.  In  fact,  I  know  that 
such  has  been  the  case.  Is  it,  therefore,  fair  to  charge  against  rail- 
road certification  all  of  the  expaoMse  of  the  inspections  and  analyses  t 
Should  not  a  large  percentage  of  this  expense  be  charged  against 
general  inspection  work? 

Inasmuch  as  all  but  two  States  in  the  Union  are  now  preparing 
these  certificates  for  the  Federal  Government,  and  as  most  of  the 
work  for  preparing  them  falls  upon  the  engineering  divisions  of  the 
various  States,  I  believe  you  will  welcome  the  assurance  of  the  engi- 
neers' conference  that  the  matter  is  of  considerable  importance  to 
them  and  a  procedure  from  which  they  derive  benefit. 

Doctor  Gumming.  Is  there  any  discussion  of  Mr.  Emerson's  paper? 

Doctor  Welch.  I  would  like  to  add  my  word,  of  indorsement  to  the 
policy  of  municipal  water  control,  brought  about  by  this  certifica- 
tion of  water.  There  was  one  town  in  Alabama  where  we  had  not 
been  able  to  induce  the  authorities  to  do  anything  toward  the  puri> 
fication  of  the  water.  We  had  notified  them  several  times  that  they 
must  do  certain  things,  but  they  only  laughed  at  us.  I  asked  pemais- 
sion  of  the  Surgeon  General  to  post  the  water.  I  notified  the  phy- 
sicians of  the  two  railroads  going  through  that  town  that  they  must 
post  in  the  railway  station  a  notice  that  the  water  supply  was  iinfit 
for  human  oonsmnption.  The  plant  was  put  in  satisfactory  condition 
in  a  short  time. 

The  same  condition  obtained  in  another  water  supply  in  the  north- 
ern part  of  the  State,  and  as  soon  as  the  chamber  of  commerce  found 
out  that  we  would  post  the  water  supply  they  immediately  got  busy. 

I  should  be  very  sorry,  indeed,  to  lose  this  whip.  The  State  Board 
of  Health  of  Alabama  will  assume  all  responsibility,  but  we  do  want 
the  privilege  of  demanding  of  the  railroads  that  they  post  these  water 
supplies  when  we  order  it. 
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We  hare  not  had  any  trouble  with  them  so  far. 

Doctor  Gumming.  I  wUl  ask  Doctor  Beatty,  of  Utah,  what  the  pro- 
cedure is  in  his  State. 

Doctor  Beatty.  It  has  been  a  valuable  agency  in  assisting  us  to 
improve  the  water  supplies  in  various  localities  where  our  efforts 
IukI  proved  unavailing.  In  many  instances  communities  are  willing 
to  tolerate  contaminated  water  supplies  as  long  as  it  can  be  done  with- 
out the  publicity  which  attends  condemnation  by  the  Federal  au- 
thorities, and  in  the  absence  of  power  vested  in  the  board  of  health  to 
oompel  local  authorities  to  provide  water  supplies  which  are  reason- 
ibly  pare,  the  Federal  regulations  have  been  of  great  service. 

Doctor  CcTMMiNG.  May  I  suggest  right  here  that  all  resolutions 
should  be  in  by  noon. 

Is  there  any  further  discussion? 

Doctor  Chs8I£T.  I  did  not  hear  Mr.  Emerson's  paper,  so  he  may 
hive  mentioned  this  point,  but  it  seems  to  me  that  it  might  be  pos- 
sible through  the  service  to  get  the  National  Board  of  Insurance 
Underwriters  to  take  some  action  with  relation  to  these  emergency  in- 
takes for  fire  purposes,  which  so  frequently  are  connected  with  the 
witer*supply  system.  In  Minnesota  there  is  no  trouble  about  it,  but  a 
oniform  policy  throughout  the  United  States  would  be  promoted  by 
cooperation  on  the  part  of  the  National  Board  of  Insurance  Under- 
writers. The  industrial  insurance  organization  is  in  accord  with 
pnblic-healtii  measures,  and  if  this  health  phase  of  the  fire-insurance 
cvgiiiization  could  be  brought  to  their  attention  it  might  aid  the 
States  in  securing  better  and  more  prompt  action  with  regard  to  the 
eioergency  intake. 

Doctor  Gumming.  Doctor  Frost  is  going  to  discuss  the  question  of 
colon  bacillus  as  an  index  of  potability  of  water. 

SIGNIFICANCE  OF  B.  COLI  IN  WATER. 

Doctor  Frost  (reading) : 

I  feel  that  an  apology  is  due  an  audience  for  undertaking  to  discuss  a  sub- 
ject wbicb  baa  already  been  discussed  so  much  as  this,  especially  wh^i  it  is 
ccstaio  that  nothing  new  will  be  added.  What  is  Imown  with  reference  to  the 
dgnlficance  of  B,  coli  in  water  in  relation  to  health  is  the  result  of  so  many 
T^^n  of  cnmulatiTe  experience  that  what  can  be  added  by  one  or  two  years 
more  of  observation  can  have  very  little  effect  upon  the  sum  total.  Oonse- 
qucatty,  anything  that  may  be  said  properly  representing  opinion  to-day  is  In 
aost  reepects  identical  with  what  would  have  been  said  some  years  ago,  since, 
»o  far  as  I  am  aware,  the  last  10  years  have  seen  only  one  important  addition 
to  oar  knowledge,  materially  affecting  opinion  on  this  subject 

Stnitarians  are  interested  in  water  supplies  primarily  as  potential  vehicles 
^  Infection.  What  they  wish  to  know  regarding  a  water  supply  is  its  danger, 
La  terms  of  the  proportion  of  consumers  who  will  contract  infection  as  a 
rt«nlt  of  drinking  it.  A  knowledge  of  the  water  in  terms  of  bacteriology  is  of 
Mcondary  Interest  to  them,  solely  as  a  means  toward  the  end  of  forming  an 
esttm&te  of  the  water's  danger. 
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The  fticts  upon  which  an  interpretation  of  a  bacteriological  or  chemical  ex> 
amlnation  of  water  is  based  are  relatively  few  and  simple  and  are  so  generally 
known  that  they  are  repeated  here  merely  by  way  of  review. 

The  first  fact  of  importance  Is  that  the  real  element  of  clanger  in  a  water 
supply  is  the  pathogenic  microorganisms  which  it  may  contain. 

The  second  essential  fact  to  be  recognized  is  that  we  can  not  at  present 
demonstrate  these  dangerous  pathogenic  microorganisms  in  water  by  direct 
bacteriological  processes,  because  they  are  present  in  such  exceedingly*  smalt 
numbers  as  compared  to  other  nonpathogenic  organisms.  To  detect  the  typhoid 
bacillus,  or  other  pathogenic  bacteria,  even  in  grossly  polluted  water,  Is  a 
rare  accident ;  and  failure  to  detect  them  is  by  no  means  proof  of  their  absence. 

The  third  fact  essential  to  the  interpretation  of  any  chemical  or  baeteriolosl- 
cal  examination  of  water  is  that  all  of  the  pathogenic  microorganisms  which 
constitute  a  real  danger  in  water  are  essentially  parasitic,  having  their  nat- 
ural  habitat  and  breeding  place  in  the  bodies  of  man  and  other  higher  animals. 
Outside  of  this  environment  they  tend  naturally«to  rapid  decrease  or  extermina- 
tion, and  therefore  they  are  found  in  nature  only  in  association  with  com- 
paratively fresh  excreta.  Moreover,  the  pathogens  of  most  serious  importanr*e 
are  found  only  in  human  excreta,  not  in  the  excreta  of  lower  animals. 

Therefore,  since  we  can  not  directly  demonstrate  the  pathogenic  orgauisimi 
which  may  be  present  in  water,  our  next  most  specific  test  for  their  presence  is 
demonstration  of  the  presence  of  excreta,  especially  human  excreta. 

For  many  years,  with  this  general  principle  in  mind,  chemlnts  and  bac- 
teriologists have  been  working  toward  specific  tests  for  excreta.  The  problem 
is,  however,  a  difllcult  one,  for  while  the  contamination  resulting  from  a  very 
small  amount  of  fecal  material  added  to  pure  water  can  readily  be  detected 
by  either  chemical  or  bacteriological  tests,  these  tests  do  not  prove  that  the 
contamination  necessarily  resulted  from  excreta.  The  most  nearly  si)eciflc 
chemical  tests  serve  only  to  indicate  broadly  the  kind  and  to  measure  roughly 
the  amount  of  organic  matter  present.  They  do  not  differentiate  between 
organic  matter  derived  from  sewage  and  that  from  less  objectionable  and 
entirely  harmless  sources.  Similarly,  the  total  numbers  of  bacteria  as  deter- 
mined by  gelatine  or  agar  counts  may  be  taken  as  indicating  roughly  the 
amount  of  organic  matter  present  which  is  suitable  for  the  sustenance  of 
bacteria;  but,  although  large  numbers  of  bacteria  are  present  in  excreta, 
equally  large  numbers  may  be  found  in  other  organic  wastes.  Consequently 
the  denfonstratlon  of  excessive  numbers  of  bacteria  in  water,  taken  by  itself, 
does  not  indicate  sewage  contamination. 

The  most  nearly  specific  test  for  excreta  at  present  available  is  demonstra 
tion  of  the  presence  of  the  so-called  **  colon  bacillus,**  since  this  organism  Is 
always  present  in  large  numbers  in  the  excreta  of  human  beings  and  higher 
animals.  However,  before  this  test  can  be  considered  absolutely  si)eclfic,  it  i« 
necessary  to  prove  that  the  colon  bacillus  breeds  naturally  only  in  the  bodies 
of  man  and  other  animals.  It  is  upon  this  latter  point  that  there  has  been 
and  is  considerable  controversy — naturally,  since  such  a  proposition  can  be 
proven  only  by  exclusion,  and  even  an  approximation  to  proof  requires  an 
enormous  mass  of  negative  experience. 

Notwithstanding  the  impossibility  of  absolute  proof,  a  large  majority  of 
sanitarians  in  this  country  familiar  with  the  bacteriological  examination  of 
Avater  would  have  stated  quite  positively  10  years  ago  that  the  presence  of 
colon  bacilli  as  then  defined  was  definite  and  specific  evidence  of  fecal  con- 
tamination. They  would  have  based  this  opinion  upon  their  general  expe- 
rience that  these  organisms  were  ordinarily  found  only  in  waters  which  wei-e 
obviously   subject   to   fecal   contamination,   and   that   the   numbers   of  colon 
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bedlU  foimd  were  roughly  proportiooal  to  the  exposure  of  the  water  to  fecal 
<^taiiiiiiation  as  shown  by  sanitary  survey. 

On  the  other  hand,  there  was  a  very  ccmsiderable  and  highly  authoritative 
minority,  especially  strong  in  England  and  Germany ,  who  held  the  opposite 
view— that  the  colon  bacillus,  though  always  present  in  feces,  was  widely 
distributed  in  nature  as  a  saprophyte,  and  that  its  presence  did  not  neces- 
sarily indicate  the  presence  of  excreta.  Their  reason  for  this  view  was 
chiefly  that  a  large  number  of  studies  had  shown  the  presence  of  colon 
bodia  on  grain,  grasses,  and  fruit,  and  in  soil  where  the  probability  of  recent 
fecal  contamination  seemed  extremely  remote. 

In  1913  and  1914  Rogers  and  Clark,  of  the  United  States  Department  of 
A^eolture,  began  wliat  proved  to  be  a  fundamental  piece  of  research. 
UsiAg  highly  refined  bacteriological  and  chemical  mettieds,  they  demon- 
stTHted  conclusively  that  the  so-called  B.  ooH  group,  which  had  previously 
bf^  considered  ooe  group  of  bacteria,  really  comprised  two  separate  and 
distinct  groups,  one  representing  **tnie  B,  coli"  and  the  other  a  similar  but 
disUoet  **aerogenes  group."  These  two  groups,  which  gave  more  or  less 
identical  reactions  by  tests  previously  applied,  were  distinctly  differentiated 
by  different  ratios  of  hydrogen  to  carbon  dioxide  in  the  gas  formed  and  by 
different  hydrogen  ion  concentrations  established  in  special  media  under 
^ndardized  conditions.  The  differentiation  as  first  made  by  Rogers  and 
CUrk  required  rather  elaborate  apparatus  and  technique,  beyond  the  reach 
of  most  water  bacteriologists;  but  subsequently,  as  a  result  of  work  by 
Itoctor  Clark  and  others,  the  technique  was  greatly  simi^ifled,  so  that  the 
(Ufferentiation  can  now  be  made  by  very  simple  tests,  requiring  no  special 
itpparatus. 

Aifplyittg  tliese  tests  to  large  numbers  of  cultures  derived  from  different 
«)nrces,  Rogers  and  Clark  found  that  the  colon  bacilli  found  in  feces,  whether 
unman  or  animal,  belonged  almost  exclusively  to  one  group,  which  they 
called  the  **  fecal  group,"  while  the  colonlike  organisms  found  on  grain  be- 
longed usually  to  another  group,  which  they  called  the  "  nonfecal  **  or  "  grain  ** 
type.  Their  work  is  still  relatively  new,  but  already  it  has  been  confirmed  by 
quite  a  number  of  independent  observers,  and,  so  f^r  as  I  am  aware,  all  sub- 
:3^iient  work  tends  to  establish  the  original  conclusions  arrived  at  by  Rogers 
and  Clark — ^that  the  "  fecal  type,"  or  true  B.  ooli,  is  predominant  in  fresh 
f^ces  and  In  material  exposed  to  fecal  contamination,  while  the  colonlike  organ- 
isms found  on  grains  and  in  unpolluted  soil  almost  invariably  prove  to  belong 
to  the  "  aerogenes  group." 

As  to  the  significance  of  this,  a  good  many  sanitarians  appear  to  have  the 
luipression  that  it  renders  the  ordinary  test  for  B,  coU  less  significant  than 
prerlously.  While  this  may  t>e  a  natural  viewpoint,  it  is  not  justified.  It  is 
tme  that  a  positive  test  for  B,  coH,  made  according  to  present  standard 
methods,  may  indicate  the  presence  not  of  true  B,  ooli  but  of  the  nonfecal 
aerogenes  type.  But  this  has  always  been  true,  though  not  previously  recog- 
nized; and  the  probability  that  a  positive  standard  B,  ooli  test  in  water  means 
t»A\  contamination  is  just  the  same  now  as  it  was  10  years  ago.  Moreover, 
in  cases  of  doubt  or  special  importance  it  is  now  possible  to  carry  the  test 
further  and  determine  whether  the  organism  is  true  B.  ooU  or  aerogenes. 
Alflo.  this  recent  work  appears  to  offer  a  satisfactory  explanation  of  the 
finding  of  so-called  B.  ooli  In  the  past  in  situations  where  their  presence  could 
not  be  sadsfactorily  accounted  for  as  due  to  fecal  contamination.  Presumably 
these  organisms  were  of  the  aerogenes  type,  not  true  B,  ooli. 

The  American  Public  Health  Association  has  not  yet  made  it  obligatory  in 
fbeir  Standard   Methods  to  differentiate  B.  ooli  from  aerogenes,  but  they 
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describe  the  technique,  so  that  any  reasonably  well-tvalned  bttoteriologist  can 
make  the  differentiation.  In  the  absence  of  such  dUSeraotiAtion  a  positive 
test  should  be  interpreted  as  heretofore;  that  is,  as  constituting  strong  pre- 
sumptive evidence  of  f^cal  contamination.  Admitting  that  this  is  not  positive 
proof,  the  benefit  of  the  doubt  should  be  given  to  the  pAblic  and  the  con- 
tamination should  be  considered  as  of  f^cal  origin  unless  evidence  is  brought 
forward  to  tlie  contrary. 

So  far  the  discussion  has  ref^red  only  to  demonstrating  the  presence  of 
contamination  with  excreta;  but  even  granting  that  the  presence  of  excreta 
is  demonstrated  and  the  extent  of  the  contamination  measured,  this  still  is 
not  equivalent  to  measuring  the  danger  of  the  water  in  turns  of  the  proba* 
bility  that  it  will  cause  infection.    For  this  several  further  steps  are  neoaasary. 

First,  it  is  necessary  to  differentiate  between  excreta  trcm  lower  animals 
and  that  from  human  beings.  As  this  can  not  be  done  by  means  of  chemical 
or  bacteriological  tests,  it  requires  a  survey  of  the  source^  of  ooataminatioo 
to  which  the  water  is  exposed.  This  may  aflbrd  more  or  lees  definite  in- 
formation. For  example,  B,  coH  is  of  much  more  dangerous  slgnfficaiice 
in  a  well  obviously  contaminated  from  near-by  privies  than  one  not  s{d)Jected 
to  contamination  from  privies  but  located  near  a  heap  of  stable  manure. 

However,  even  the  demonstration  that  water  is  contaminated  with  human 
excreta  does  not  necessarily  indicate  that  it  Is  immediately  dangerous  and  fbUs 
far  short  of  measuring  its  danger.  A  well  or  spring  grossly  contaminated  from 
a  privy  and  used  by  a  small  ntunber  of  people  may  not  be  actually  dan* 
gerous  merely  because  none  of  the  people  contributing  to  its  contamination  is 
infected  with  any  pathog^lc  organisms.  Such  a  well,  tiiough  very  offensively 
polluted,  may  not  cause  any  Infection  within  a  generation.  On  the  other 
hand,  it  is  quite  certain  tiiat  a  river  sudd  as  the  Ohio,  whidi  constantly 
receives  sewage  from  several  millions  of  people,  always  contains  typhoid 
bacilli  and  other  pathogenic  intestinal  bacteria.  This  is  necessarily  so  becauae 
among  the  millions  of  people  whose  excreta  reach  the  stream  there  are  always 
a  very  considerable  number  Imrboring  pathogenic  bacteria,  either  as  active 
cases  or  as  carriers.  The  only  question  as  to  such  water  is  not  whetter  or  not 
it  is  dangerously  contaminated  but  to  what  extent 

But  even  when  it  is  known  that  a  water  contains  typhoid  badUi  or  other 
pathogenic  bacteria,  this  still  does  not  constitute  an  active  measure  of  its 
danger.  Even  if  we  knew  the  exact  number  of  typhoid  bacilli  p^r  thousand 
liters  of  water,  we  still  would  not  know  what  proportion  of  the  people  drink- 
ing this  water  would  become  infected,  because  we  know  practically  nothing  as 
yet  regarding  the  dosage  necessary  to  cause  natural  infection.  Nor  have  we 
more  than  the  vaguest  ideas  as  to  the  relative  danger  of  waters  containing 
different  numl)ers  of  pathogenic  bacteria.  For  example,  if  a  water  containiuiz: 
10  typhoid  bacilli  in  a  certain  volume  will  cause  infection  in  10  per  cent  of 
the  people  who  drink  it,  it  by  no  means  foUows  that  a  water  containing  one 
typhoid  bacillus  in  the  same  volume  of  water  will  cause  1  per  cent  of  infec- 
tions Conceivably  it  might  still  cause  the  same  proportion  of  infections  as 
the  more  highly  contaminated  water,  or  it  might  cause  none.  We  simply  do 
not  know  the  effect  of  varying  dosage  of  infective  organisms. 

The  nearest  approach  that  has  been  made  to  the  exact  knowledge  of  the 
danger  of  water  supplies,  in  terms  of  the  number  of  cases  of  infectious  disease 
which  they  will  cause,  has  been  made  not  by  bacteriological  studies  but  by  epl- 
demiological  observations.  For  Instance,  our  estimate  of  the  danger  of  raw 
water  from  the  Ohio  River  is  based  not  on  its  bacteriological  examination  but 
on  past  experience  in  cities  where  this  water  has  been  used;  an  experience 
which  has  shown  that  1  per  cent  or  more  of  the  consumers  develop  typhoid 
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fef«r  each  >'ear.  whereaB  the  same  cities  When  using  more  or  less  adequately 
purified  water  supi^ies  have  not  suffered  much  more  than  one-tenth  such  a 
typhoid  incidence  rate. 

I  have  dwelt  upon  the  difficulties  and  indirection  of  estimating  the  danger  of 
vater  supplies,  not  with  a  view  to  casting  doubt  upon  the  value  of  bacteriologi* 
(Hi  examination  but  merely  to  emphasiee  the  point  that  the  sanitarian  who 
attempts  to  estimate  the  quality  of  a  water  supi^  must  take  into  consideration 
not  only  the  bacteriological  evidence  of  pollution  but  also  the  character  of  the 
soarces  from  which  the  pollution  presumably  comes. 

In  extreme  cases  an  interpretation  may  be  very  simple.  For  instance,  a  water 
which  consistently  gives  negative  B.  coli  tests  and  very  low  bacterial  counts  may 
be  pronounced  safe  so  far  as  Infection  is  concerned  without  knowing  anything 
more  about  Its  origin.  Equally,  the  water  from  a  stream  known  to  receive  the 
)«*wage  of  a  city  a  short  distance  upstream  may  be  condemned  as  unsafe  with- 
<uQt  the  formality  of  a  bacteriological  examination.  It  is  the  intermediate  cases 
w-hicb  are  diflkult;  those  in  which  bacteriological  examination  shows  moderate 
onotamination  and  a  sanitary  sur\'ey  reveals  exposure  to  possibly  though  not 
certainly  dannerous  contamination.  As  to  such  cases  there  is  always  room  for 
perfectly  legitimate  differences  of  opinion,  which  can  be  proven  only  when  epi- 
<lemioIogical  evidence  shows  that  the  water  is  responsible  for  infection  or  that 
it  is  causing  none.  It  was  circumstantial  epidemiological  evidence  which  first 
prtiTed  the  agency  of  water  supplies  in  spreading  infection,  and  it  is  evidence 
of  the  same  kind,  rather  than  direct  bacteriological  evidence^  which  best  serves 
to-dty  to  establish  and  n^easure  the  danger  of  a  water  supply. 

Doctor  CtTMMiNo.  Is  there  any  discussion? 

Doctor  Garrisok.  I  would  like  to  ask  ft  question,  to  throw  what 
lifrht  I  can  on  the  question  of  domestic  animals  that  have  colon 
bacilli.  This  matter  came  up  at  Hot  Springs,  where  the  Government 
and  the  State  are  involved.  The  limited  literature  at  my  disposal 
did  not  disclose  very  much  on  jt.  I  would  like  to  have  him  tell  us 
about  that  if  he  can. 

Doctor  CiiESLEY.  I  will  ask  Doctor  Park  to  answer  that.  I  believe 
all  the  higher  or  lower  animals,  all  animals  and  fowls,  have  colon 
bacilli  very  abundantly  in  the  feces. 

Doctor  Oahrison.  That  was  my  general  impression,  but  the  text- 
l)ooks  down  there  were  to  the  contrary. 

Doctor  Park.  There  was  rather  an  extraordinary  condition  in  New 
Vork.  We  found  colon  bacilli  increased  very  rapidly  in  the  reser- 
voir after  being  purified.  Suspicion  was  directed  to  a  flock  of  gulls 
that  came  over.  This  year  when  they  came  over  again  we  found 
rt>lon  bacilli.  I  would  say  that  apparently  nearly  all  wild  animals 
and  fishes  produce  it. 

Doctor  Stiubs.  In  connection  with  the  question  of  drinking  feces 
through  the  drinking  water  it  is  interesting  to  note  that  we  have 
entirely  independent  tests  which  go  to  prove  definitely  that  we  all 
nt  human  feces.  An  advantage  of  one  of  the  tests  which  we  have 
i&  that  we  can  tell  definitely  that  the  fecal  material  we  have  con* 
samed  comes  from  human  beings.    In  entering  almost  any  locality 
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we  can  prove  microscopically  that  anywhere  from  10  to  90  per  cent 
of  the  population  have  actually  swallowed  human  excreta.  There 
is  no  doubt  but  that  20  per  cent  of  us  would  give  a  positive  test,  while 
if  we  go  out  to  the  people  in  the  rural  districts  and  among  the  cotton- 
mill  population  we  can  run  that  up  to  70  or  80  or  90  or  100  per  cent. 
According  to  the  average  population  in  Washington  it  would  run  be- 
tween 10  and  20  per  cent,  so  that  we  all  eat  human  excreta,  quite 
independent  of  any  test  we  have  from  the  bacteriological  view  in 
regard  to  colon  bacilli.  The  other  test  which  I  have  mentioned  has 
great  advantage,  in  that  we  can  prove  it  is  definitely  human  excreta. 
Doctor  Gumming.  Doctor  Park  needs  no  introduction  to  any  health 
officer  in  the  country.    He  will  now  talk  to  you. 

TOXIN-ANTITOXIN,  AND  THE  SCHICK  REACTION. 

Doctor  Park.  It  is  difficult  to  decide  just  what  aspects  of  the 
Schick  test  and  the  toxin-antitoxin  injections  to  take  up  before  a  body 
of  trained  health  workers.  If  I  treat  in  too  general  a  way  any  por- 
tions that  you  wish  to  hear  more  about,  I  hope  you  will  ask  questions 
in  the  discussion. 

In  the  February  monthly  bulletin  issued  by  the  New  York  City 
health  department  I  have  summarized  all  the  experimental  and 
practical  work  done  on  the  Schick  test  and  the  production  of  active 
immunity.    Copies  will  gladly  be  sent  to  any  who  request  them. 

The  Schick  reaction :  This  is  a  very  dependable  test  if  the  correct 
amount  of  toxin  is  given  intracutaneously.  If  the  injection  is  faulty 
either  in  the  amount  given  or  in  the  method,  it  gives  misleading 
results  and  is  not  a  true  Schick  test.  If  too  much  toxin  is  adminis- 
tered, too  many  of  those  injected  react ;  if  too  little  is  given,  we  obtain 
too  few  reactions  and  have  a  false  feeling  of  security.  If  the  toxin 
is  not  injected  entirely  intracutaneously,  it  is  not  retained  in  the  skin 
and  so  does  not  produce  its  full  local  effect.  The  first  essential,  there- 
fore, is  that  the  laboratory  should  test  the  toxin  and  send  it  out  in 
just  the  right  amount.  Until  very  recently  the  laboratories  have 
frequently  erred  by  supplying  either  an  excess  or  a  deficiency  in  the 
amount  of  toxin,  and  thus  getting  too  large  or  too  small  a  proportion 
of  positive  Schick  reactions.  The  deficiency  has  been  due  not  to  the 
fact  that  too  little  toxin  was  put  in  the  container,  but  because  we  did 
not  realize  that  the  glass  of  our  containers,  whether  bottles  or  tubes, 
is  often  unsuitable  and  affects  the  to2dn  badly.  Within  even  a  few 
weeks  improper  glass  will  cause  a  great  deterioration  in  the  toxin. 

Some  time  ago,  because  of  certain  results  reported  to  us,  Doctor 
2iingher  asked  the  manufacturers  of  biological  products  to  send  us 
a  niunber  of  their  outfits.  In  over  30  per  cent  of  them  we  found  that 
the  toxin  was  deficient  in  amount.  Last  summer  the  manufacturer 
who  had  always  supplied  us  with  suitable  glass  felt  aggrieved  at  the 
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way  the  contract  had  been  awarded  and  sent  us  an  inferior  article. 
As  we  had  tested  the  toxin  put  up  in  his  glass  tubes  for  many  years 
tiid  had  not  found  any  deterioration,  we  omitted  to  test  this  lot. 
Soon  we  got  a  report  that  our  toxin,  used  in  comparison  with  that  of 
another  biological  plant,  gave  less  reaction.  Samples  of  both  toxins 
were  sent  to  us,  and  we  found  that  ours  had  40  per  cent  and  the  other 
had  180  per  cent  of  the  required  amount.  Just  recently  we  had  a 
pottioii  of  a  bottle  of  toxin  sent  us  which  had  been  prepared  by  a 
priirmte  numufactnrer  and  had  been  held  for  six  months,  with  the 
comment  that  100  children  had  been  Schick  tested  without  a  positiye 
reaction.  We  sent  them  some  of  ours,  and  on  the  retest  30  per  cent 
of  these  same  children  reacted  positively.  If  any  health  officer  tests 
50  or  more  children  with  toxin  and  no  characteristic  reaction  de- 
velops, he  can  be  sure  that  the  toxin  is  unsuitable  and  should  be  dis- 
eankd.  These  incidents  are  merely  samples  of  many  in  which  I 
know  the  results  of  the  tests  were  faulty.  We  can  sum  up  by  saying 
that  a  suitable  Schick  test  is  extremely  reliable,  but  that  many  so- 
caUed  Schick  tests,  because  of  faulty  toxin  or  faulty  technique,  are 
miflleading. 

What  proofs  have  we  that  a  negative  Schick  test  does  give  us  as^ 
stmmce  that  sufficient  antitoxin  is  present  to  supply  protection  against 
diphtheria!  You  realize  that  Schick  tried  to  select  for  the  intracu- 
taneous test  a  definite  amount  of  toxin  which,  if  it  gave  a  reaction, 
showed  the  case  was  not  immune  because  of  antito2dn ;  if  no  reaction 
developed  that  the  case  was  immune.  To  find  an  amount  which 
would  make  such  an  absolute  separation  of  cases  would  be  too  much 
to  expect.  Antitoxin  which  would  just  prevent  a  diphtheria  in- 
fection under  ordinary  conditions  of  health  could  hardly  do  so  if 
the  case  were  complicated  as  by  measles  or  tonsillitis.  If  the  min- 
immn  amount  to  prevent  a  Schick  reaction  did  not  always  prevent 
a  slight  local  infection,  would  there  be  enough  antitoxin  to  prevent 
ft  serious  development  of  diphtheria?  I  have  studied  this  matter 
cftiefolly  and  I  am  perfectly  sure  that  there  are  cases  occasionally 
with  slight  tonsillar  exudate  and  positive  cultures  that  have  the 
negative  Schick  test.  For  instance,  last  week  at  the  institution  of 
St  Dominicks,  where  there  are  1,500  children  and  where  we  have 
been  giving  the  toxin-antitoxin  at  intervals  for  seven  years,  it  was 
recently  reported  that  they  had  two  children  with  suspected  diph- 
theria who  had  given  negative  Schick  tests  last  January. 

One  of  the  children  had  developed  a  tonsillar  deposit  and  a  tem- 
perature of  103.  At  the  end  of  the  second  day  a  culture  was  made. 
On  the  third  day,  because  of  a  positive  report  on  the  culture,  anti- 
toxin was  given,  but  the  child  had  already  improved. 

The  other  child  showed  a  slight  sore  throat  but  no  exudate.  The 
eakure  was  also  positive*    Did  these  two  children  have  diphtheria! 
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In  one  case  recovery  began  before  antitoxin  was  administered.    In 
the  other  no  antitoxin  was  given  and  no  exudate  developed. 

You  may  remember  a  report  of  mine  in  rq;ard  to  an  institution  in 
which  all  the  children  had  given  some  months  before  tke  negative 
Schick  test,  yet  seven  children  developed  tcmsiliitis  with  patches 
within  a  week's  time,  and  all  were  shown  to  have  diphtheria  bacilli. 
All  the  children  but  the  last  one  received  antitoxin^  and  this  one, 
like  the  others,  recovered  promptly.  If  I  had  not  withheld  the  anti- 
toxin from  the  last  case  it  would  have  been  thought  that  antitoxin 
had  cured  the  others. 

In  a  hundred  other  little  children  living  in  different  wards  in  this 
institution  no  suspected  cases  developed,  yet  when  we  made  cultures 
we  found  the  extraordinary  condition  that  over  50  per  cent  of  these 
children  carried  virulent  diphtheria  bacilli  in  their  throata  My 
interpretation  of  these  cases  is  that  it  is  possible  under  unusual  con- 
ditions, such  as  an  infectious  tonsillitis,  together  withi  a  diphtheria- 
carrier  condition,  to  develop  a  slight  diphtheria  even  in  cases  having 
just  enough  antitoxin  to  give  the  negative  Schick  test,  but  I  believe 
these  cases  will  never  be  severe  and  will  recover  without  additional 
antitoxin. 

Before  taking  up  Active  immunization  let  us  consider  the  need  of 
additional  measures  to  combat  diphtheria.  We  have  noticed  in  New 
York,  Pennsylvania,  Massachusetts,  Connecticut,  and  other  places 
that  there  has  been  only  a  moderate  decrease  in  the  number  of 
cases  through  the  use  of  isolation  guided  by  cultures,  and  the  use  of 
immunizing  doses  of  antitoxin  has  been  very  much  greater,  for  the 
deaths  have  been  reduced  to  one-fifth  their  previous  number. 

It  is  rather  interesting  that  during  the  last  nine  years  the  diph- 
theria mortality  in  New  York  State,  outside  of  the  city,  has  risen 
from  about  11  per  100,000  to  18  per  100,000.  In  New  York  City  it 
rose  from  19  per  100,(K)0  in  1916  to  22  per  100,000  in  1919.  Up  to 
1920  there  were  in  New  York  City  about  15,000  cases  and  1,200  deaths 
a  year.  These  facts  make  us  appreciate  that  we  have  not  yet  con- 
quered diphtheria.  The  only  additional  measure  that  seemed  imme- 
diately available  was  the  testing  out  of  the  value  of  active  immuniza- 
tion with  diphtheria  toxin  modified  by  antitoxin.  With  the  Schick 
test  it  became  very  easy ^ to  test  whether  toxin-antitoxin  injections  in 
children  would  give  antitoxic  immunity ;  and  if  it  developed,  to  test 
its  duration.  Babes  away  back  in  1895  showed  it  developed  in  guinea 
pigs  and  that  it  lasted  at  least  for  some  months.  Some  years  later 
Theobald  Smith  showed  it  lasted  about  two  years.  Could  we  expect 
it  to  last  longer  in  a  human  being  than  in  guinea  pigs?  We  could 
at  least  hope  that  it  would,  because  there  is  some  tendency  in  a  human 
being  to  develop  and  maintain  natural  immimity.  Whether  this  nat- 
ural development  of  antitoxin  is  due  to  the  person  becoming  a  carrier 
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or  is  an  inherent  condition  we  do  not  know,  but  the  fact  gave  us  the 
hope  that  if  antitoxic  immunity  were  once  developed  it  might  be  a 
I)ernianent  acquisition. 

The  toxin-antitoxin  vaccine :  Why  did  we  choose  the  mixture  we 
;ire  using?  We  knew  from  animal  experimentation  on  horses  and 
•riiinea  pigs  that  a  tremendous  amount  of  slightly  overneutralized 
loxin  could  be  safely  injected  and  give  more  antitoxic  response  than 
a  safe  dose  of  straight  toxin.  We  did  not  know  how  much  toxin  to 
use  in  children,  but  we  started  off  to  use  in  1  cc.  of  mixture  three 
L  plus  doses  of  toxin  neutralized  to  such  an  extent  that  5  cc.  of  the 
mbcture  would  produce  paralysis  in  a  guinea  pig.  This  mixture  was 
effective,  but  because  of  the  large  amount  of  bacillus  protein  in  it 
it  caused  in  some  severe  reactions.  We  also  tried  giving  five  1/  plus 
tioses  of  neutralized  toxin.  This  gave  us  no  better  results,  and  so 
I  determined  to  try  one-half  of  an  L  plus  dose  and  also  one-tenth  of 
an  L  plus  dose  of  toxin.  The  children  receiving  the  one-tenth  L  plus 
as  a  dose  have  almost  no  annoyance  from  the  injections.  In  the 
only  school  in  which  we  have  made  retests  the  results  are  as  good  as 
with  those  receiving  the  three  L  plus  doses. 

The  immunizing  results :  At  my  request  Doctor  Zingher  selected  in 
l^>15  a  numl>er  of  institutions  where  the  children  remained  for  some 
years.  He  Schick  tested  the  children,  and  he  and  Doctor  Schroder 
have  retested  them  year  by  year.  It  has  been  found  that  in  nearly  all 
cases  a  child  becoming  immime  remains  so  for  at  least  six  and  one- 
half  years.  Very  few  relapses  have  occurred,  and  the  children  who 
relapsed  became  negative  and  remained  so  when  reinjected  with 
toxin-antitoxin.  Possibly  we  are  a  little  too  optimistic  in  our  esti- 
mate of  the  duration  of  the  immunity,  because  in  injecting  the  chil- 
*lren  everj'  one  or  two  years  with  toxin  of  the  Shick  test  there  may 
U  a  little  stimulus  to  the  development  of  antitoxin.  To  eliminate 
this  factor  we  shall  not  make  retests  in  certain  institutions  and  schools 
until  after  the  lapse  of  a  number  of  years. 

In  New  York  we  have  had  absolutely  no  serious  consequences  from 
the  administration  of  the  toxin-antitoxin.  We  have  had,  of  course,  the 
MSJial  proportion  of  swollen  arms.  Fortunately,  little  children  under 
5  years  seldom  develop  annoying  reactions  except  slight  local  swell- 
ings and  temperatures.  The  older  children  have  in  about  10  per 
cfnt  sore  arms  for  two  or  three  days,  with  or  without  some  rise  in 
iem{)erature.  When  we  first  started  the  injections  we  prepared  our 
own  toxin  from  bouillon  made  from  meat  which  was  allowed  to  fer- 
ment through  the  multiplication  of  the  germs  clinging  to  it.  In  this 
first  fermentation  certain  slightly  toxic  products  were  occasionally 
fonned  which  were  not  destroyed  by  the  subsequent  heating.  ThcvSe 
pHKluct^  created  a  disturbance  in  certain  individuals.     Indeed,  we 
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had  four  cases  in  which  there  were  definite  toxic  effects;  these  chil- 
dren were  prostrated  for  a  few  hours.  Since  then  we  have  used  noth- 
ing but  the  soluble  products  of  fresh  sterilized  meat  for  the  nutrient 
medium.  To  this  has  been  added  the  colon  bacillus  to  ferment  the 
sugar,  and  then  the  diphtheria  bacillus  to  provide  the  toxin,  so  there 
can  be  no  proteins  in  the  toxin  broth  except  from  the  diphtheria 
and  colon  bacilli  and-^rom  the  meat  itself.  We  are  now  testing  out 
a  product  which  has  only  one-thirtieth  of  the  bacillus  protein  that 
the  present  preparation  contains.  If  this  new  mixture  answers  as 
well  as  our  present  one,  we  will  greatly  lessen  these  annoying  reac- 
tions, and  so  remove  the  only  real  objection  to  the  injections. 

Supposed  illness  following  the  injections:  If  hundreds  of  thou- 
sands of  children  are  injected,  there  will  surely  develop  in  some  ill- 
ness which  is  a  mere  coincidence  and  not  due  to  the  injections.  As  an 
illustration  I  will  mention  something  that  happened  some  years  ago. 
I  asked  a  physician  to  go  to  Staten  Island  to  inject  an  infant  with 
toxin-antitoxin.  On  account  of  a  sudden  storm  he  deferred  his  trip 
until  the  next  day,  and  then  found  the  child  had  died  of  convulsions 
during  the  previous  night.  If  he  had  injected  the  child  at  the  time 
set,  it  would  have  been  thought  that  the  vaccine  had  killed  it.  Among 
the  60,000  children  that  have  received  the  injections  through  us  there 
is  only  one  in  which  death  has  occurred  within  a  period  of  a  few 
weeks.  This  child  died  of  meningitis.  The  only  possible  connection 
would  be  that  the  toxin-antitoxin  lowered  the  child's  resistance  and 
so  made  infection  possible. 

The  value  of  immunization  of  school  children:  The  attempt  to 
immunize  the  school  child  is  worth  while,  both  because  of  the  actual 
protection  given  and  because  it  paves  the  way  to  reach  in  the  same 
families  children  of  pre-school  age,  who  are  really  the  ones  most  in 
need  of  protection.  We  believed  that  if  every  parent  of  a  school  child 
should  receive  a  letter  from  the  department  of  health  urging  immuni- 
zation against  diphtheria,  it  would  make  an  immense  impression  on 
the  people  of  the  city  of  New  York  and  it  would  help  to  persuade  the 
parents  to  have  the  younger  children  receive  the  injections  either 
from  the  health  officials  or  from  their  private  physicians. 

For  these  two  reasons  we  have  devoted  ourselves  during  the  past 
two  years  chiefly  to  the  schools.  By  June  almost  every  public-school 
child  in  New  York  will  have  received  a  circular  of  information  to 
take  home;  nearly  300,000  of  them  will  have  been  Schick  tested,  and. 
if  necessary,  given  treatment.  With  the  closing  of  the  schools  we 
expect  to  make  a  drive  to  vaccinate  the  children  who  are  too  young 
to  go  to  school. 

Certificates :  These  are  given  in  two  forms.  The  first  simply  states 
that  the  injections  have  been  received,  the  other  that  a  retest  has 
established  immunity.    One  should  never  give  a  certificate  of  success* 
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ful  immunization  after  merely  giving  the  injections,  because  we 
know  that  anywhere  from  10  to  80  per  cent  of  the  nonimmunes  will 
not  be  fully  protected  from  diphtheria  by  one  series  of  injections. 
Such  a  certificate  may  give  a  false  sense  of  security  to  the  parents. 
We  therefore  issue  immunization  certificates  only  after  a  negative 
Schick  reaction  at  the  retest.  Ee tests  are  made  four  to  six  months 
after  the  completion  of  the  injections. 

The  results  observed  among  the  test  children :  We  have  indexed 
90/XX)  children  who  have  been  Schick  tested  by  the  physicians  work- 
ing under  Dr.  M.  C.  Shroder  and  Dr.  A.  Zingher.  About  80,000  of 
tbese  had  an  <^iginally  negative  Schick  test  or  the  retests  after  the 
injections  were  negative.  About  10,000  of  those  who  were  origi- 
nally positive  and  who  received  two  or  three  injections  have  not  been 
retested  or  on  retest  were  found  to  be  positive. 

The  following  table  gives  our  findings : 

Tsmx  1. — Number  of  suspected  cases  of  diphtheria  developing  in  90,000  un- 
treated school  children  and  in  90ft00  who  had  been  Schick  tested  and  when 
positive  given  two  or  three  injections  of  toxin-antitoxin. 


Kombcr 
flfchfl- 
dr«o. 


3(^000 


Result  of  Schick  t«st. 


Orifiiiany  nagative. 
OiuiiiAUy  poiitiTe. 

PoaCUve. 

do 


Tested  and  wheo  n< 
Neither  tested  nor  injeci 


injected, 
controls. 


Result  of  retest,  if  retested. 


Not  retested 

Became  nentive. . . 

Not  retested 

Remained  positive. 


h 


000 


Number 
of  re- 
ported 
cases  of 
suspect- 
ed diph- 
thena. 


{. 


4 

4 


12 
64 


Summary:  Among  the  90,000  untreated  school  children  there  de- 
veloped 54  cases  of  probable  diphtheria  during  the  past  four  winter 
months.  Among  the  90,000  school  children  of  the  same  ages  who 
were  Schick  tested  last  spring  and,  when  positive,  given  two  or  three 
iojectiona  only  12  developed  the  disease. 

Of  the  90,000  tested  children,  about  80,000  were  either  originally 
negative  or  on  retest  after  the  injections  found  to  be  negative  to  the 
Schick  test  Only  four  of  these  80,000  developed  suspected  diph- 
theria. This  demonstrates  that  a  negative  Schick  test  indicates  an 
thnost  complete  immunity  to  diphtheria. 

Among  the  8,200  who  were  originally  Schick  positive  and  were  not 
retested  after  the  injections,  4  cases  developed.  These  8,200  were, 
»s  t  rule,  among  the  latest  to  receive  the  injections.  The  1,800  who 
in  spite  of  the  injections  developed  insufficient  antitoxin  to  prevent 
a  moderately  positive  Schick  test  showed  the  highest  incidence  of 
the  disease.    This  result  emphasizes  the  necessity  of  a  Schick  test 
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several  months  after  the  injections.  Those  who  still  give  the  positive 
reaction  should  receive  a  second  series  of  injections.  You  may  not 
realize  that  we  have  as  a  [)rotection  from  diphtheria  both  antitoxic 
and  bactericidal  immunity.  There  is  no  practical  way  to  test  the 
bactericidal  imnuinitv. 

Doctor  Ci  MMiNo.  Before  bepinnin*^  the  discui^sion  we  can  take  up 
the  allied  papers — ''  The  effect  of  distribution  by  the  official  a<r^ncies 
of  biologic  products  on  child  morbidity  and  moilality."  Doctor 
Hayne  will  talk  about  this. 

DISTRIBUTION  BY  OFFICIAL  AGENCIES  OF  BIOLOGIC  PRODUCTS 

ON  CHILD  MORBIDITY  AND  MORTALITY. 

Doctor  Hayne.  This  is  an  unexpected  honor,  but  I  always  have  an 
impromptu  speech  with  me.  I  am  not  a  scientist.  I  am  a  plain, 
blunt  man  who  loves  my  fellow  men  and  women  and  children. 

South  Carolina  has  the  unique  position,  which  will  be  disputed 
by  the  majority  of  the  States,  of  actually  distributing  diphtheria 
antitoxin  free  to  its  citizens.  A  great  many  States  claim  to  do  this, 
but  do  not  do  it.  We  distribute  it  free  to  every  citizen  in  South 
Carolina,  and  there  are  no  strings  to  it.  Whether  this  does  good  or 
whether  it  does  harm  we  are  prepared  to  prove  by  mortality  statis- 
tics. Morbidity  statistics  are  about  as  inaccurate  in  South  Carolina 
as  they  are  in  Maryland  or  Massachusetts.  Therefore  we  lay  no 
stress  upon  morbidity  statistics,  but  our  mortality  statistics  are  about 
90  per  cent  correct.  We  believe  that  because  they  have  been  inves- 
tigated and  accepted  by  the  Census  Bureau,  which  is  a  department  of 
the  Federal  Government,  and  therefore  can  not  err. 

We  have  been  following  our  statistics  in  South  Carolina  since 
1915,  when  we  entered  into  the  registration  area,  and  that  is  only  a 
period  of  seven  years,  and  we  are  sorry  to  say  that  our  death  rate  in 
diphtheria  is  going  up  rather  than  going  down. 

We  started  the  free  distribution  of  diphtheria  antitoxin  in  1908, 
so  that  we  had  been  distributing  it  seven  years  before  we  got  our 
first  reliable  mortality  report.  I  believe  that  in  about  1890  or  1900 
the  mortality  statistics  for  the  United  States  showed  that  there  were 
43  i>er  1,000  deaths  from  diphtheria  in  the  United  States,  and  the 
average  mortality  in  1918  was  about  18  per  100,000  of  population. 
The  average  mortality  in  South  Carolina  is  about  6  per  1,000.  This 
is  the  lowest  mortality  of  any  State  in  registration  area  except  Ver- 
mont, Montana,  Washington,  and  Colorado,  and,  of  course,  in  Mon- 
tana, Washington,  and  Colorado,  especially  Montana,  the  distances 
are  so  {jreat  between  carriers  and  between  individuals  that  there  mav 
be  some  reason  for  that  low  nioitalitv  in  Montana  outside  of  the 
climate. 
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In  Vermont  we  can  only  attribute  it  to  the  fact  that  Vermont,  like 
South  Carolina,  is  a  rural  State  to  a  great  extent,  and  it  has  an  ex- 
cellent State  health  officer  in  charge  of  its  affairs. 

Joking  aside,  we  feel  our  method  of  distribution  of  diphtheria 
antitoxin  is  ideal. 

I  would  like  to  read  you  a  clause  of  the  contract  that  we  have  with 
a  biological  firm  for  the  distribution  of  antitoxin.  We  used  to  manu- 
facture it,  but  after  having  killed  four  children  in  one  summer — or 
at  least  we  were  so  accused — and  having  a » $25,000  verdict  brouglit 
a^inst  the  State,  we  feel  a  sort  of  delicacy  in  manufacturing  and 
we  prefer  to  let  some  biological  firm  take  the  responsibility.  In 
other  words,  we  are  passing  the  buck.  I  will  read  you  this  clause 
that  I  referred  to. 

(Clause  referred  to  read.) 

I  read  that  to  show  what  we  are  doing  in  that  respect.  The  anti- 
toxin is  put  in  every  hamlet  in  South  Carolina.  South  Carolina  is 
K'»  per  cent  rural,  and  there  are  no  cities  except  Charleston.  The 
rest  are  really  overgrown  villages.  At  no  point  in  South  Carolina 
is  a  <lepot  more  than  5  miles  from  a  doctor.  A  doctor  can  get  any 
amount  of  diphtheria  antitoxin  free,  from  200,000  units  to  the  proper 
amount,  which,  if  the  case  is  recognized  in  time,  is  about  5,000  units, 
or  not  over  10,000.  Of  course,  as  I  say,  I  am  not  a  scientist,  but  the 
amount  they  get  usually  cures  them. 

\Ve  have  found,  of  coui*se,  that  there  is  a  large  amount  of  diph- 
theria antitoxin  administered  to  children  who  do  not  have  diphtheria, 
l»ut  we  have  not  found  any  bad  results  occurring  in  the  children  or 
any  deaths  on  account  of  giving  diphtheria  antitoxin,  wherea^s 
prior  to  the  administration  of  diphtheria  antitoxin  there  were  very 
U(l  results  from  those  who  did  not  get  diphtheria  antitoxin  whei-e 
they  had  diphtheria. 

I  believe  there  is  no  single  measure  that  has  done  as  much  toward 
reducing  the  death  rate  amongst  children  with  diphtheria  as  the 
fact  that  a  doctor  can  get  it  free,  that  he  does  not  have  to  make  out 
a  pauper's  certificate  to  get  it,  that  it  is  easier  for  him  to  give  it 
than  not  to  give  it,  and  for  that  reason  I  think  our  method  is  the 
liejt  that  I  know  of. 

It  costs  the  State — and  we  are  dealing  with  budgets  nowadays,  so 
you  are  interested^it  costs  South  Carolina  about  $13,000  to  give 
thih*.  TTiat  is  the  maximum  amount  it  ever  cost.  We  have  a  popula- 
tion of  1,700,000  people,  black  and  white,  and  it  is  not  a  prohibitive 
''fist  to  give  it  free. 

Take  your  big  States  and  proportion  it  to  that  amount,  say  $1,000 
or  ^50  per  100,000  of  population,  and  you  get  the  price.  I  would 
like  to  briefly  tell  you  what  we  are  doing  with  the  Schick  test  and 
tosrin-antitoxin. 
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I  may  not  have  completely  understood  Doctor  Park.  My  im- 
pression was  they  did  the  Schick  test  before  giving  the  toxin-anti- 
toxin. We  give  the  toxin-antitoxin  to  every  school  child,  regardless 
of  whether  they  are  positive  or  negative.  That  is  expensive,  but 
we  are  doing  it  as  an  experiment  in  one  county — the  county  of 
Cliarleston,  outside  the  city  of  Charleston.  We  have  immunized  and 
card-indexed  3,000  children  in  the  county.  We  propose  to  find  out 
in  a  year  or  two  whether  those  children  have  diphtheria,  how  many 
have  it,  and  in  that  way  we  will  be  able  to  report  something  worth 
while  in  regard  to  the  immunization  of  children  with  toxin-antitoxin. 
We  give  the  typhoid  and  paratyphoid  free,  and  it  gives  a  tremendous 
reaction;  therefore  the  slight  reaction  from  the  toxin-antitoxin  is 
appreciated  by  the  people.  We  do  not  distribute  it  free  in  the  State 
unless  we  are  convinced  that  the  physician  who  pbtains  the  toxin- 
antitoxin  is  capable  of  administering  it,  and  whenever  we  are  in 
doubt  we  have  them  come  to  the  laboratory  and  show  them  how  to 
administer  it. 

Doctor  Gumming.  The  next  topic  is  "  State-wide  programs  for  the 
application  of  the  Schick  test  and  toxin-antitoitin  immunization.'' 
Doctor  Nichols  was  here  and  had  to  leave.  We  will  proceed  with 
the  next  question,  which  is  "Standardizing  technique,"  by  Doctor 
McCoy,  director  of  the  Hygienic  Laboratory. 

STANDARDIZING  TECHNIQUE. 

Doctor  McCoy.  It  is  traditional  with  men  who  work  on  the  same 
line  with  Doctor  Park  that  after  he  has  spoken  on  diphtheria  nothing 
remains  to  be  said.  Doctor  Park,  however,  refrained  from  taking  up 
the  matter  of  standardization  of  the  agents  under  discussion,  and  it 
is  on  this  point  that  I  will  speak  briefly. 

Introductory  to  this,  I  should  like  to  say  it  appears  that  in  the 
Schick  test  we  have  about  the  only  truly  logical  and  scientific  prophy- 
lactic inoculation  in  use,  because  by  means  of  the  Schick  test  we 
find  out  in  advance  just  what  particular  persons  need  immunization 
and  then  proceed  to  immunize  them  with  the  toxin-antitoxin  mixture. 
In  the  case  of  typhoid,  smallpox,  and  other  prophylactic  vaccina- 
tions we  immunize  everybody  and  doubtless  immunize  many  who 
have  a  natural  immunity  to  the  disease  in  question. 

Standardization  of  the  Schick  test  has  recently  been  ruled  by 
the  Surgeon  (xeneral's  office  to  come  under  the  provisions  of  the 
law  of  July  1,  1902,  which  requires  that  a  license  shall  be  obtained 
by  the  manufacturer  before  selling  the  product  in  interstate  traffic. 
The  details  of  our  efforts  at  standardization  would  not  be  of  special 
interest  to  you,  but  you  will  be  interested  to  know  that  the  majiu- 
f  acturers  are  required  to  send  samples  of  each  batch  to  the  Hygienic 
Laboratory  for  testing  and  approval  before  they  distribute  it.     The 
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same  thing  applies  to  the  standardization  of  the  toxin-antitoxin  mix- 
ture. Before  we  undertook  this  work  there  had  been  a  considerable 
vmriation  in  the  strength  of  the  preparation,  and  there  had  been  one 
very  disastrous  accident  in  the  Southwest,  where  a  mixture  was  sent 
out  so  highly  toxic  that  it  resulted  in  a  number  of  fatalities.  The 
present  means  of  control  is  believed  to  insure  two  things;  first,  an 
efEdent  preparation  and  the  distribution  of  a  product  having  the 
proper  degree  of  toxicity;  and,  second,  no  dangerously  toxic  prep- 
aration will  be  distributed. 

In  connection  with  Doctor  Haynes's  discussion,  I  think  it  is  proper 
to  state  that  no  one  need  be  discouraged  with  respect  to  the  expense 
involved  in  the  free  distribution  of  antitoxins.  There  has  been 
soch  active  competition  recently  between  the  manufacturers  that 
the  price  at  which  antitoxin  can  be  supplied  is  amazingly  low.  I 
im  acquainted  with  one  State  contract  recently  in  which  the  price 
was  something  like  20  cents  for  the  1,000-unit  package,  48  cents  for 
the  5,000-unit  package,  and  98  cents  for  the  10,000-unit  package. 

Doctor  CuMMiNG.  Is  there  any  discussion  of  these  papers? 

Doctor  Dillon.  These  papers  which  we  have  just  listened  to  have 
been  very  valuable  ones.  There  are  one  or  two  statements,  made  or  im- 
plied, by  Doctor  Park  with  which  we  have  to  disagree,  and  that  was 
the  statement,  if  I  understood  him  correctly,  with  reference  to  the 
question  of  diagnosis  of  the  mild  case  of  sore  throat  in  which  there 
was  a  slight  formation  of  a  false  membrane,  and  a  positive  laboratory 
finding  of  diphtheria  bacillus.  It  seems  to  me  there  should  be  no  ques- 
tion as  to  this  being  diagnosed  as  a  case  of  diphtheria.  I  believe  for 
the  prote<4ion  of  the  public  a  person  with  diphtheria  should  be  iso- 
lited  and  quarantined ;  likewise,  a  person  who  is  a  carrier  of  what 
his  proved  to  be  a  virulent  strain  of  diphtheria  bacilli.  In  my 
opinion,  the  public  has  a  right  to  demand  protection  by  their  isola- 
tion so  long  as  they  remain  a  carrier.  During  the  past  six  weeks  my 
attention  has  been  invited  to  a  death  in  which  the  cause  of  death  was 
riven  as  spasmodic  croup.  We  refuse  to  accept  spasmodic  croup  as 
« cause  of  death,  but  have  preferred  to  treat  it  as  a  probable  case  of 
diphtheria  and  prohibited  the  holding  of  a  public  funeral.  The  at- 
tending physician  assured  me  that  this  child,  who  was  3^  years  of  age, 
ind  who  had  been  sick  three  days,  had  no  evidence  of  a  sore  throat, 
fait  a  post-mortem  which  was  held  disclosed  a  larynx  whose  mucus 
membrane  was  covered  with  the  diphtheritic  exudate.  Smears  made 
from  this  membrane  and  examined  in  the  laboratory  confirmed  the 
(Hafrnoeis  by  the  presence  of  Klebs-Loeffler  bacillus.  An  interesting 
thing  in  this  connection  is  the  fact  that  this  body  had  been  embalmed 
I^  hours  prior  to  the  holding  of  the  post-mortem.  Our  laboratory 
made  every  effort  possible  to  obtain  a  growth  from  the  specimen  of  the 
diphtheria  membrane,  but  in  every  instance  was  unsuccessful.    In 
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my  opinion,  this  child  died  not  as  a  result  of  the  toxins  of  diphtheria 
but  because  of  tlie  mechanical  obstructions  of  the  larynx  fi-om  the 
diphtheritic  membrane.  Yet  the  attending  physician  assures  me  that 
it  had  no  clinical  evidence  of  the  sore  thix)at.  I  would  like  to  ask 
Doctor  Park  if  this  is  not  a  diphtheria  death,  what  is  it  ? 

Doctor  Rawlings.  I  would  like  to  ask  Doctor  Park  the  following 
questions :  How  many  of  his  series  of  90,000  had  three  separate  injec- 
tions of  toxin-antitoxin;  and,  does  glassware  affect  toxin-antitoxin 
as  well  as  the  toxin  used  in  the  Schick  test? 

I  wish  to  ask  Doctor  McCoy  if  the  Hygienic  Laboratory'  pays  any 
attention  to  the  quality  of  the  glassware  used  for  these  biological 
products  ? 

In  Illinois  we  distribute  antitoxin  to  rich  and  poor  alike.  We  have 
in  Chicago  and  other  sections  of  the  State  approximately  400  places 
where  diphtheria  antitoxin  and  other  toxins  and  sera  may  be  ob- 
tained. In  spite  of  a  very  favorable  contract  these  products  cost  the 
State  of  Illinois  over  $40,000  a  year. 

We  have  not  been  able  to  obtain  as  good  results  as  we  had  hoped 
for  from  the  general  use  of  free  antitoxin  in  the  reduction  of  our 
mortality  from  diphtheria,  either  in  Chicago  or  in  the  rural  districts. 
I  wish  we  could  report  as  favorable  results  as  those  given  by  Doctor 
Hayne.  We  believe  it  is  a  worth-while  procedure  in  aiding  in  reduc- 
ing the  death  rate,  but  I  think  health  officers  must  concede  that  our 
best  hope  in  rendering  our  communities  immune  lies  not  in  the  diph- 
theria antitoxin  but  in  the  general  use  of  toxin-antitoxin.  This  is 
especially  true  because  of  the  big  carrier  problem.  Many  of  these 
carriers  have  virulent  diphtheria  germs  constantly  in  their  throats 
and  we  must  make  immune  those  who  are  in  contact  with  these 
carriers. 

Doctor  CuMMiNG.  Is  there  any  further  discussion? 

Doctor  MiTCHENER.  From  the  comments  voiced  this  morning  there 
has  seemingly  been  a  greater  effort  made  to  immimize  children  of 
school  age  with  toxin-antitoxin  than  there  has  been  to  immunize 
those  between  6  months  and  6  years  of  age.  In  North  Carolina  we 
have  not  put  forth  as  much  effort  to  give  toxin-antitoxin  to  childi^n 
of  school  age  as  in  the  six-months-to-six-years  group,  because  in  this 
group  we  get  a  larger  percentage  of  our  cases  and  a  higher  death 
rate. 

Early  in  the  spring  of  1921  it  was  decided  to  offer  toxin-antitoxin 
in  our  county-wide  campaigns  which,  as  most  of  you  know,  we  have 
been  conducting  in  North  Carolina  for  several  years.  We  advised 
the  older  children  and  the  adults  to  take  typhoid  vaccine  and  the 
younger  ones  to  take  toxin-antitoxin.  The  response  was  exceedingly 
gratifying,  not  only  as  to  the  large  number  of  people  who  received 
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tliree  treatments  of  typhoid  vaccine  (70,000,  or  about  IG^  per  cent 
of  the  population  of  the  area  worked)  but  also  a  large  number  immu- 
nizetl  against  diphtheria,  10,000  having  taken  three  doses  of  toxin- 
antitoxin.  In  Green  County,  which  has  a  population  of  about  16,000 
people,  4,.V29  were  given  the  typhoid  vaccine  and  1,238  took  toxin- 
antitoxin. 

I  might  state  that  we  have  ignored  the  Schick  test  entirely 
because  of — 

(1)  The  trouble — since  we  can  immunize  with  about  as  little  work 
as  one  meets  in  giving  and  observing  the  test. 

(2)  Lack  of  experience  on  the  part  of  the  men  in  interpreting 
the  reaction. 

The  large  number  inmiunized  in  these  campaigns  is  attributed  to 
the  fact  that  the  treatments  were  administered  by  local  physicians, 
from  one  to  eight  participating  in  each  county. 

Doctor  CuMMiNG.  Is  there  any  further  discussion?  Doctor 
I'ark,  would  you  be  good  enough  to  answer  the  questions  i 

Doctor  Park.  Let  us  consider  first  the  question  as  to  the  pro- 
priety of  the  free  distribution  of  unlimited  amounts  of  antitoxin 
b?  State  and  citv  departments  of  health. 

An  example  will  help  to  explain  my  position.  A  phj^sician  re- 
rtntly  calleil  up  the  laboratory  and  asked  for  250,000  units  of  tetanus 
antitoxin.  The  physician  in  charge  explained  to  him  that  100,000 
unitfi  would  cover  the  requirements  of  any  case  however  severe,  lie 
answered,  "I  am  asking  for  antitoxin;  not  for  advice."  So  he  was 
told,  '*Vou  can  have  100,000  units  free,  but  if  you  want  any  more 
you  will  have  to  pay  for  it."  He  replied  he  did  not  wish  to  pay 
for  any,  so  he  would  take  the  100,000  units  offered. 

I  think  that  a  health  department  should  distribute  free  any  rea- 
}»nable  amount  of  a  biological  product,  but  beyond  that  it  should 
make  a  charge.  No  one  up  to  this  time  has  paid  a  cent  for  anything 
beyond  the  amount  we  thought  suitable.  The  conviction  among 
physieians,  therefore,  is  not  very  strong  for  these  tremendous  doses. 
When  physicians  receive  serums  free  they  are  apt  to  think  in  exces- 
sive amounts.  They  do  not  seem  to  realize  that  10,000  units  of 
<bpfatheria  antitoxin  are  one  hundred  times  as  much  as  would  be 
mjuired  to  neutralize  the  greatest  amount  of  toxin  that  any  case 
ever  had.  We  give  as  much  as  10,000  units  so  as  to  get  sufficient 
antitoxin  quickly  through  the  capillary  walls  to  the  diseased  tissue, 
]nfit  as  we  pour  enormous  amounts  of  water  on  a  burning  building, 
inorc  than  would  be  required,  if  it  could  all  reach  and  remain  in 
contact  with  the  actual  materials  on  fire. 

The  necessity  of  the  use  of  the  Schick  test  before  the  toxin- 
uititoxin  injection  depends  on  the  actual  conditions  as  to  the  age  of 
the  children   and  the  help   available.     Under  3  years  of  age  I 
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think  very  few  of  us  would  advise  a  Schick  test,  except  in  family 
practice  or  in  institutions  where  one  is  in  contact  with  the  children, 
and  may  repeat  the  test  from  time  to  time.  The  immunity  derived 
from  the  mother  is  usually  lost  in  the  first  year,  but  some  children 
hold  it  for  two  or  three  years ;  therefore,  a  negative  Schick  test  for 
this  age  is  not  a  positive  sign  of  permanent  active  immunity.  After 
three  years  the  Schick  test,  besides  eliminating  those  who  are  nega- 
tive from  those  to  be  injected,  has  the  great  value  of  proving  in  these 
latter  whether  or  not  there  is  a  lasting  immunity.  After  6  years  of 
age  only  about  one-half  of  the  children  require  toxin-antitoxin,  and 
it  is  therefore  usually  wise  to  give  the  test.  Yet  because  we  do  not 
need  the  same  expert  supervision  for  the  injections  as  for  the  test 
and  because  by  omitting  it  we  save  time,  it  may  be  better  even  after 
the  age  of  6  to  give  toxin-antitoxin  without  the  Schick  test. 

If  the  toxin-antitoxin  is  given  to  all,  there  is  the  advantage,  of 
course,  of  getting  a  little  credit  for  immunizing  those  that  were 
already  immune. 

Before  I  forget  it  I  want  to  speak  in  regard  to  the  enormous 
value  of  Doctor  McCoy's  supervision  of 'the  biological  products. 
His  trained  staff  of  workers  at  the  central  laboratory  checks  the 
results  obtained  by  all  of  us  in  our  laboratories  and  so  gives  to  us 
and  the  public  an  added  safeguard.  One  serious  accident  that  hap- 
pened some  time  ago  would  never  have  occurred  if  the  manufacturer 
had  sent  his  products  to  Doctor  McCoy  for  control  tests.  By  keeping 
in  touch  with  all.  Doctor  McCoy  is  able  to  make  regulations  of  great 
value  which  almost  prevent  the  possibility  of  mislabeling  or  accident. 

I  think  that  I  was  misunderstood  as  to  the  question  of  the  practical 
application,  of  the  cultural  test  to  treatment  and  diagnosis.  It  is 
strange  for  me  to  defend  my  present  ideas  since  I  believe  I  introduced 
the  culture  test.  When  cultures  were  proposed  in  New  Yoii:  City  in 
1893,  I  remember  I  thought  we  could  gradually  eliminate  diph- 
theria by  separating  those  who  were  infected  with  the  bacilli  from 
those  who  were  not.  This  hope  was  not  fulfilled  because  the  healthy 
carrier  was  found  to  be  so  widespread  that  the  isolation  of  cases  had 
little  effect  on  the  general  morbidity  rate. 

The  culture  shows  simply  whether  a  diphtherialike  bacillus  is 
present  or  not  and  does  not  make  a  diagnosis.  Except  where 
characteristic  membrane  is  present,  the  clinical  signs  may  also  faiL 
Doctor  Thompson  showed  that  about  10  per  cent  of  the  cases  of 
laryngeal  stenosis  received  at  the  Willard  Parker  Hospital  were 
not  infected  with  diphtheria  bacUli  and  had  no  exudate  or  pseudo 
membrane  in  the  larynx.  This  catarrhal  inflammation  causing 
stenosis  is  apt  to  appear  before  a  child  develops  a  measles  rash  or 
during  an  attack  of  so-called  influenza. 
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Some  time  ago  the  director  of  the  bureau  of  hospitals  of  the 
department  of  health  had  a  bad  patch  on  his  throat  and  he  thought 
.t  to  be  diphtheria.  Antitoxin  was  given  immediately  and  a  culture 
was  made.  The  culture  turned  out  to  be  negative.  If  bacilli  had 
been  present,  we  would  have  called  it  imdoubted  diphtheria,  while 
in  fact  the  bacilli  would  probably  have  been  inactive. 

I  remember  when  we  first  applied  the  culture  test  in  the  diph- 
theria wards  in  New  York  City  half  of  the  patients  did  not  have 
the  diphtheria  bacilli  in  the  exudate.  These  patients  had  been 
sent  to  the  hospital  as  a  safety  measure,  because  they  were  sus- 
l^ected  of  having  diphtheria.  Xo  one  would  approve  of  holding 
tmck  antitoxin  if  he  suspected  diphtheria  until  the  culture  results 
were  obtained. 

A  lot  of  children  get  tonsillitis  in  the  wintertime,  and  some  are 
•trriers  of  diphtheria  bacilli  which  may  or  may  not  cause  diph- 
theria. When  we  make  cultures  and  find  diphtherialike  bacilli  we 
Jo  not  know  whether  the  bacilli  are  taking  an  active  part.  Indeed, 
from  the  nnears  alone  we  do  not  even  know  that  these  organisms 
are  virulent.  From  the  standpoint  of  prevention  we  assume  their 
rimlence  and  declare  that  the  cases  are  a  danger  to  others  and 
treat  them  as  cases  of  mild  diphtheria. 

List  year  we  limited  the  children  in  many  schools  to  two  injec- 
tions of  toxin-antitoxin  with  the  idea  that  it  was  more  practical  to 
rive  all  positively  reacting  cases  only  two  injections;  then,  on  repeat- 
ing the  Schick  test  in  three  months,  to  reinject  the  moderate  per- 
•vntage  of  those  who  reacted  positively,  rather  than  to  give  all  the 
••hildren  the  three  injections.  We  found,  however,  that  there  was 
•^nisiderable  difficulty  in  getting  the  Schick  retests,  and  so  we  have 
finally  settled  on  giving  three  injections  to  all  who  require  pro- 
tection. 

It  is  interesting  to  note  that  while  we  have  been  attacking  diph- 
theria from  a  new  angle  the  mortality  has  dropped  in  New  York 
<'ity  much  below  the  lowest  recorded  rate.  This  year  the  mortality 
«  far  has  been  the  same  as  last  year,  but  the  number  of  cases  has 
•*en  much  less.  We  consider  the  showing  this  year  to  be  very 
fucouraging,  as  we  have  had  a  great  increase  in  measles.  We  be- 
lieve this  infection  caused  many  cases  of  diphtheria  carriers  to  de- 
velop the  diphtheria  and  also  caused  some  cases  of  fatal  croup  that 
*ere  not  diphtheria  to  be  counted  as  such.  We  feel  so  hopeful  that 
'e  are  planning  a  campaign  to  immunize  as  far  as  possible  every 
•^hild  in  New  York  City. 

Doctor  CrMMiXG.  Doctor  Rawlings,  what  is  the  population  of  vour 
^ate?  • 

Doctor  Rawxjxcjs.  A  little  over  7,000,000. 
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Doctor  CuMMiNo.  Doctor  McCoy,  will  you  answer  Doctor  Raw- 
lings's  question? 

Doctor  McCoy.  We  took  into  consitleration  the  question  of  «rlrt^«- 
ware. 

Doctor  CuMMiNo.  Is  there  any  further  discussion? 

Doctor  CiiESLEY.  The  very  low  prevalence  of  diphtheria  fatalities 
in  Washington  has  been  a  source  of  amazement  to  us.  I  wonder  if 
the  Schick  test  has  given  any  information  to  explain  this  low  mor- 
bidity. 

Doctor  McCoRMACK.  The  Schick  test  there  did  show  a  vei*)*  large 
percentage  of  immunes  in  Seattle.  I  do  not  know  anything  about  the 
application  to  the  whole  State.    The  rate  is  very  remarkable. 

Doctor  CiMMiNcj.  Doctor  Turner  would  tell  vou  it  is  the  absence  of 
deaths  up  there  in  the  Puget  Sound  district.  Is  there  any  further 
discussion  ? 

(No  response.) 

The  next  subject  on  the  j)rogram,  which  is  "  Child  hygiene,"  will 
be  postponed  until  this  afternoon.  AVe  will  take  up,  with  your  per- 
mission, the  (juestion  of  '*  Malaria,''  Doctor  Fricks. 

MALARIA. 

Doctor  Fricks.  Mr.  Chairman  and  members  of  the  conference,  it 
is  a  pleasant  task  to  discuss  the  affairs  of  a  going  concern  at  a  meet- 
ing of  the  stockholders  and  their  associates;  therefore  I  am  please<l 
indeed  to  talk  to  you  to-day  about  our  cooperative  program  for 
malaria  control,  which  has  been  unquesticmably  a  very  successful 
business  venture  looking  to  health  improvement  in  the  South.  I  am 
told  that  this  cooperative  program  for  malaria  control  has  returned 
huge  dividends  to  some  of  the  health  officers  who  have  entered  into 
it,  particularly  in  the  way  of  public  approval  of  their  activities,  and 
in  no  State,  so  far  as  I  know,  has  it  been  a  liability  or  hindrance  to 
the  State  health  officer  in  carrying  out  his  general  program  for  healtli 
improvement.  I  appreciate  the  fact  that  not  all  of  you  State  health 
officers  are  directly  interested  in  malaria  control,  but  I  feel  sure 
that  you  are  all  interested  in  the  successful  working  of  a  cooperative 
agreement  such  as  the  Public  Health  Service,  the  International 
Health  Board,  and  the  different  State  health  authorities  have  en- 
tered into  for  malaria  control. 

Ten  years  ago  governmental,  State,  and  private  health  agencies 
began  to  realize  that  little  w^as  being  actively  done  toward  the  con- 
trol of  malaria  in  the  United  States,  although  it  had  been  demon- 
strated conclusively  that  malaria  could  be  controlled  in  the  Tropics, 
where  presumably  the  problem  was  more  difficult  to  handle.  Follow- 
ing the  methods  which  had  been  employed  for  malaria  control  in  the 
Tropics,  the  Public  Health  Service  and  the  International  Health 
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I^iard  a^ssisting,  the  various  State  and  local  health  officials  concerned 
Itegan  making  demonstrations  in  urban  malaria  control  at  many 
place>  in  the  Southern  States.  These  demonstrations  were  generally 
successful,  and  in  most  instances  the  community  immediately  con- 

«  ft 

(trned  was  highly  enthusiastic  over  the  results  accomplished. 

At  this  time,  however,  no  definite  program  for  a  fixed  and  per- 
nwnent  policy  for  continuing  and  expanding  these  malaria-control 
demonstrations  was  entered  into  by  the  cooperating  agencies,  and 
although,  as  before  stated,  most  of  these  demonstrations  w^ere  highly 
.Miccessful,  they  did  not  lead  up  to  the  establishment  of  permanent 
programs  for  malaria  control  by  the  different  State  health  authori- 
Ues.  Three  years  ago  such  an  arrangement  was  entered  into  by  the 
eoo|)erating  agencies  with  the  health  authorities  of  10  Southern 
States.  Thus  our  cooperative  program  for  malaria  control  was 
bejrun,  the  success  of  which  has  been  to  me  most  marvelous.  Our 
foundations  were  sound,  of  course,  because  we  had  been  conducting 
Miccessful  demonstrations  in  urban  malaria  control  for  several  years. 
We  knew  that  these  could  be  relied  upon.  We  also  had  considerable 
experience  in  temporary  campaign  for  health  improvement  con- 
ducted by  outside  agencies  in  other  fields  and  thereby  knew  some  of 
tlie  mistakes  which  must  be  avoided.  It  may  be  that  our  cooperative 
prog:ram  from  a  business  standpoint  is  a  cumbersome  arrangement, 
but  we  liave  had  no  serious  difficulty  among  ourselves  in  settling  tlie 
small  matters  which  have  come  up  from  time  to  time.  We  all  see 
clearly  the  objective  which  we  have  in  view — malaria  control  and  the 
ilren^hening  of  the  different  State  health  departments  engaged  in 
this  work.  It  may  be,  perhaps,  that  if  we  had  entered  into  our 
looperative  agreement  with  only  one  idea  in  view — that  is,  malaria 
runtrol — by  traveling  alone  we  might  have  traveled  faster  in  a  sense. 
It  least,  but  when  the  greatest  good  is  properly  weighed  and  the 
largest  results  are  considered,  I  feel  that  our  policy  of  helping  the 
State  health  authorities  to  graft  malaria  control  onto  their  general 
program  of  health  work  has  proved  the  wisest  and  most  beneficial  in 
the  long  run,  and  I  believe  that  the  progress  of  our  cooperative 
malaria  control  work  during  the  past  three  years  has  demonstrated 
the  wisdom  of  our  policy. 

I  p  to  the  time  that  our  cooperative  agreement  was  entered  into 
inany  s|K)radic  attempts  at  malaria  control  in  the  Southern'  States 
!»ad  been  successfully  completed,  but  no  State  had  outlined  or 
nlopted  a  definite  program  of  malaria  control.  Now  everj'  State, 
fKjssibly  except  one,  that  has  a  malaria  problem  has  also  a  malaria 
program  with  personnel  and  funds  allotted  for  carrying  it  out,  and 
IK)  State  which  entered  into  the  cooperative  agreement  has  taken  its 

hand  from  the  plow." 
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In  the  beginning  we  realized  that  cooperative  malaria  control 
would  be  developed  along  different  lines  in  the  different  States,  be- 
cause their  problems  would  be  somewhat  diffei-ent,  and  not  all  of  the 
States  had  reached  the  same  point  of  development  in  their  general 
health  work.  I  have  always  felt  that  ultimately  malaria  control 
must  fit  in  closely  with  other  rural  health  work,  but  it  was  ne<*essaiy 
for  us  to  begin  our  cooperative  malaria  work  on  a  basis  of  urbaii 
demonstrations,  because  previous  experience  had  demonstrated  that 
such  demonstrations  were  feasible,  and  we  were  in  a  position  to 
furnish  expert  assistance  by  sanitary  engineers  who  had  been  trained 
in  work  of  this  character.  Hence  several  of  the  States  found  that 
malaria  control  could  be  best  conducted  under  the  division  of  sani- 
tary engineering,  while  in  some  States  the  work  has  already  been 
placed  under  the  division  of  rural  sanitation. 

I  shall  not  take  time  to  enter  into  the  details  of  our  cooperative 
malaria  control  work  in  each  State.    Some  of  the  State  health  ofiicerR 
most  vitally  interested  are  here  and  can  tell  you  what  is  being  done 
in  their  respective  States.    I  would  like  to  impress  you  with  the  fun- 
damental idea  of  our  cooperative  agreement,  which  is  that  it  is  the 
duty  of  the  State  health  officer  to  outline  the  policy  and  determine 
the  direction  under  which  malaria  control  should  be  conducted  in 
his  State  in  order  to  correlate  this  work  with  other  health  activities 
and  insure  its  permanency.    As  an  index  of  the  progress  which  hap 
been  made  in  cooperative  malaria  control  work,  I  shall  give  you  a 
very  few  figures.    Upon  inquiry  we  secured  records  of  expenditures 
for  malaria  control  during  1921  of  more  than  $270,000,  which  had 
been  locally  appropriated.    These  records  are  undoubtedly  incom- 
plete.   This  year,  1922,  three  of  the  States  which  are  undertaking 
cooperative    malaria    control    have    appropriations    or    allotments 
amounting  to  $10,000  each  for  malaria  control;  four  States  are  con- 
tributing $5,000  each  for  malaria  control ;  and  two  others  $2,600  each 
for  malaria  control.    Thus  we  have  in  1922  from  $65,000  to  $60,000 
set  aside  by  southern  States  for  malaria  control,  whereas  previout^ 
to  three  years  ago  no  State  had  a  definite  appropriation  for  this 
purpose,  so  far  as  I  know.     Since  the  cooperative  agreement  was 
entered  into,  three  additional  States  have  come  into  the  work — Mis- 
souri, Illinois,  and  Kentucky — so  that  we  now  have  13  States  inter- 
ested in  malaria  control  and  carrying  on  a  definite  program  with 
that  end  in  view.    In  fact,  every  State  in  the  Union  in  which  malaria 
IS  of  sanitary  importance  is  now  doing  something  for  its  control, 
except  possibly  Florida.    We  have  no  working  agreement  with  that 
State,  and  therefore  I  do  not  know  what  is  being  done  there. 

In  my  judgment,  the  remarkable  success  of  our  cooperative  pro- 
gram for  malaria  control  is  based  upon  the  fact  that  there  is  a  wide- 
spread demand  for  malaria  control  throughout  the  South,  efforts  for 
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the  control  of  this  disease  having  lagged  behind  other  health  activi- 
ties in  every  State.  Also,  we  had  our  past  experiences  in  other 
health  campaigns  to  profit  by,  and  have  conducted  this  one  on  the 
basis  that  each  party  cooperating  must  contribute  something  and 
must  carry  a  definite  part  of  the  load. 

In  addition  to  supervising  the  cooperative  work  of  malaria  con- 
trol, the  Public  Health  Service  has  also  conducted  certain  investiga- 
tions pertaining  to  malaria  in  which  you  will  no  doubt  be  interested. 
I  shall  barely  mention  these  investigations,  because  while  they  are  of 
greatest  importance  they  are  still  under  way  and  will  be  the  sub- 
ject of  future  reports.  One  of  the  subjects  under  investigation  is 
the  importance  of  malaria  on  the  growth  and  development  of  chil- 
dren. I  do  not  believe  that  this  matter  has  been  given  the  attention 
in  the  past  which  it  deserves.  Certainly,  where  malaria  infection  is 
heavy  the  majority  of  the  children  are  infected  quite  early  in  their 
lives,  and  heavy  infections  among  children  must  seriously  interfere 
with  their  growth  and  development.  A  study  of  malaria  among 
the  school  children  of  the  South  has  been  undertaken,  and  in  co- 
operati<Hi  with  Dr.  Taliaferro  Clark,  of  the  Division  of  Child  Wel- 
fare, these  studies  will  be  carried  on  with  the  care  to  which  they  are 
entitled. 

Another  investigation  in  which  the  service  is  deeply  interested  is 
that  of  malaria  prevalence  and  malaria  reporting.  We  all  realize 
the  inadequacy  of  our  malaria  morbidity  reports.  Most  of  us  ap- 
preciate the  difficulties  encountered  in  attempting  to  determine  the 
amount  of  malaria  present  in  any  community  by  any  or  all  of  the 
methods  which  have  been  employed  for  this  purpose.  Asst.  Surg. 
E.  F.  Maxcy  of  the  service  has  been  assigned  to  the  study  of  this 
problem,  and  it  is  hoped  that  he  may  find  some  fairly  easy  yet  effec- 
tive method  of  determining  the  amount  of  malaria  present  in  a 
community. 

Another  subject  still  under  investigation  is  that  of  Paris  green 
IS  a  larvicide.  You  all  know  that  we  have  used  oil  for  this  purpose 
since  Dr.  L.  O,  Howard  first  described  its  use  many  years  ago,  but 
oil  has  many  limitations.  Two  years  ago  Dr.  M.  A.  Barber  began 
a  series  of  investigations  of  larvicides  for  the  service.  Doctor  Barber 
soon  found  that  Paris  green  in  extremely  minute  doses  was  a  very 
effective  anopheline  larvicide.  There  is  no  question  whatever  as  to 
the  killing  effect  of  Paris  green  on  mosquito  larvae  in  very  minute 
doses,  but  Doctor  Barber  is  continuing  his  investigations  for  the 
purpose  of  determining  the  most  effective  manner  of  using  or  dis- 
tributing this  poison.  His  investigations  have  already  been  reported, 
and  future  findings  will  be  brought  to  your  attention  through  service 
publications. 

I  thank  you. 
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Doctor  Gumming.  Mr.  Fisher  will  speak  on  "Methods  of  evalua- 
tion of  results  of  local  measures  for  the  control  of  malaria.^ 
(Mr.  Fisher  thereupon  read  his  paper.) 

IkltTTHODS    OF    EVALl'ATION    OF    RFSVLTS    OF    LOCAL    WEAHITIES    FOR    THE    CONTROL   OF 

MALARIA. 

Before  attempting  to  discuss  the  methods  for  evaluating;  the  results  of  local 
measures  for  the  control  of  malaria,  let  us  examine  briefly  wl)y  there  should 
be  any  evaluation  of  such  results. 

The  first  reason  for  evaluating  results  or  for  measuring  accomplishments 
comes  from  the  desire  to  Icnow  whether  the  results  attained  are  c<immensurate 
with  the  effort  expended.  To  answer  this  question  it  is  necessary  to  have 
rather  a  clear  understanding  of  what  is  incltfded  under  the  designation  of 
results.  By  effort  expended  we  mean  voluntary  effort  as  well  as  paid  eflk>rt 
In  malaria  control  work,  perhaps  more  than  In  some  other  lines  of  health  work, 
the  financial  value  has  come  to  be  emphasized  more  than  the  humanitarian 
value.  Whether  this  is  fortunate  or  unfortunate  is  a  moot  question.  In  this 
highly  commercialized  age  it  would  be  very  difllcult  in  some  quarters  to  inspire 
any  work  on  humanitarian  grounds  alone  if  there  were  no  financial  reasons 
to  urge.  However,  In  considering  results  accomplished  we  can  not  afford  to 
lose  sight  of  the  humanitarian  results. 

In  considering  both  the  financial  and  the  humanitarian  results  we  must  bear 
in  mind  that  there  are  direct  and  indirect  benefits  of  malaria-control  work  and 
that  the  indirect  benefits  are  none  the  less  real  because  they  are  indirect. 

It  Is  perhaps  needless  to  say  that  any  measuring  of  accomplishments  should 
be  unprejudiced.  It  is  well  also  to  remember  that  many  results  are  diflicult 
of  measurement  because  we  have  no  well-adapted  measuring  stick.  This  dif- 
ficulty accounts  perhaps  in  great  part  for  the  tendency  of  measuring  all  results 
in  malaria-control  work  by  the  yardstick  bearing  the  dollar  mark.  This  meas- 
ure is  at  least  one  in  frequent  dally  and  widespread  use,  and  on  that  account 
more  readily  understood  than  some  other  methods  might  be.  Such  results  as 
can  be  stated  in  terms  of  dollars  and  cents,  therefore,  should  be  so  stated  be- 
cause they  will  be  perhaps  more  widely  understood  than  if  stated  differently. 
People  appreciate  money,  it  seems  to  me,  even  more  than  they  appreciate  life. 
You  can  prate  about  so-and-so  many  lives  saved  as  a  result  of  your  work 
and  you  will  favorably  impress  a  small  group  of  sympathetic  hearers,  but 
when  j'ou  speak  of  thousands  of  dollars  saved  you  get  a  far  wider  he^iring. 

Moreover,  because  malaria  does  not  kill  as  many  as  it  temporarily  Incapaci- 
tates the  results  of  such  incapacitating,  if  economically  expressetl  in  money 
losses,  appeal  to  a  larger  number  of  iHH)ple. 

If  we  examine  the  results  of  malaria -control  measures,  we  find  that  there 
are  both  direct  and  indirect  results.  Some  of  them  are  difticult  of  measure- 
ment. This  is  true  of  the  direct  results  as  well  as  of  the  indirect  results. 
Some  it  Is  impossible  to  measure  In  doUars  and  cents. 

Among  the  results  to  be  considereil  and  metJiods  of  evaluating  them  may  be 
mentlone<l — 

1.  A  markeil  decrease  in  the  numl>er  of  malaria  cases,  result iiijr  in  an  «k*<>- 
uomic  savhig  due  to  the  saving  in — 

(a)  The  sum  spent  for  drugs. 

(h)  The  sum  paid  for  doctors*  or  nurses*  fees. 

(c)  The  sum  lost  because  of  inability  to  engage  in  pHxIuctive  IalM»r. 

2.  There  is  a  decrease  in  the  malaria  death  rate  resulting  for  each  <leath  in 
a  saving  equal  to — 
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(i/)  The  same  siiving  as  accrues  for  the  preventor  of  n  case  of  malaria,  plus 
(f)  A  sum  representing  tiie  economic  value  of  a  human  life. 

The  hest  method  of  arriving^  at  these  flares  is  probably  by  a  house-to-house 
'vnnos.  If  the  community  is  lar^.  it  nmy  not  be  feasible  to  po  to  every  house. 
In  Huch  a  case  districts  should  be  selected  representative  of  the  whole  popu- 
lation nD<l  a  census  made  in  these,  assuming  that  the  figures  so  obtahied  bear 
flu»  Kanw»  relation  to  the  true  total  figures  as  the  population  canvassed  bears 
to  the  total  iK»puIation  of  the  town.  This  census  may  include  figures  for  the 
preceding  year.  But  such  figures  will  be  less  exact  than  figures  for  the  cur- 
npot  year,  because  one  remembers  more  vividly  what  happeneil  this  year  than 
last 

There  are.  of  c<»urse.  a  number  of  objei'titms  to  taking  a  census  in  this  way. 
Poiwibly  the  chief  one  is  the  ignorance  and  suspicion  encountered  among  cer- 
tain elements  of  the  population,  tending  to  produce  untrue  results.  If  the 
opiisox  is  taken  by  a  stranger,  the  persons  questione<l  may  resent  what  they 
may  regard  as  a  prying  into  personal  affairs.  The  same  objection  arises  sora*^- 
times  when  the  census  is  taken  by  an  acquaintance  or  a  native  of  tlie  town. 

It  is  important  in  gathering  and  compiling  information  that  it  be  obtained* 
In  the  same  way  before  and  after  measures  are  undertaken.  This  is  advisable 
in  onler  that  such  errors  a»  are  made  the  first  time  may  be  made  the  sec-ond 
rim^  in  the  same  way,  thus  compensating  each  other.  In  this  way  the  results 
will  be  comparable;  otherwise  they  will  not. 

Still  another  objection  to  this  metho<l  of  obtaining  information  with  refer- 
ence to  the  former  and  the  present  prevalence  of  malaria  is  due  to  its  In- 
arrumcy.  It  should  l>e  remembered  in  this  connection,  however,  that  there  is 
no  absolute  accuracy  in  any  method  of  obtaining  information.  If  blood  ex- 
rifflhiations  were  made  of  every  person  in  the  community  before  the  control 
ineaflnres  were  instituted  and  again  afterwards,  they  would  not  be  absolutely 
3<^nnite.    We  must,  therefore,  be  satisfied  with  a  method  that  is — 

'!)  Feasible. 

'*J)  Olves  comparable  results. 

iZ)  Inffiifladently  accurate  for  the  purpose  intended. 

ft  jihould  be  noted  that  the  purpose  for  which  the  figures  are  intended  have 
nmrh  trt  ilo  with  the  method  of  obtaining  the  figures.  There  are  occasions 
wh*»n  the  nuist  accurate  investigations,  carried  out  by  the  most  careful  and 
R'wt  skilled  c>b«er>*er8.  are  justified.  But  the  instances  in  which  such  methods 
'inmld  be  employed  in  evaluating  the  results  of  local  measures  for  the  control 
•f  maltiHa  are  rare  because  of  the  expense  involved. 

Twinently  the  results  will  be  use<l  to  obtain  appropriations  with  which  to 
citintain  work  already  done.  In  dealing  with  appropriating  bodies,  the  facts 
*boal(l  be  so  stated  as  to  be  clearly  comprehended  and  so  as  to  admit  of  no 
fufj^construing,  either  willful  or  unintentional. 

The  whole-hearted  statement  of  the  mayor  or  some  other  prominent  person 
in  8  neighboring  town  giving  his  valuation  of  the  work  carrieil  out  in  his  own 
t»vrn  win  have  more  weight  with  a  council  considering  the  advisability  of  mak- 
'f>?a  first  aripropriation  than  a  compilation  of  the  results  of  blood  examinations. 

Similar  statements  obtained  from  physlclana  with  reference  to  the  eltectlveness 
'»^  control  measures  are  of  great  value.  Such  statements  are  regarded  as 
Himin?  fn»m  expert  witnesses.  Sometimes  the  witness  is  not  entirety  un- 
I'Hodk^  and  its  statement  Is  afte<'ted  accordingly.  I  Imve  heard  some 
«tst^ents  coming  from  entliuslastic  physicians  which  I  found  it  difficult  to 
•*li«»Tp,    On  the  other  hand,  I  heard  some  which  were  plain  untruths.    The 
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latter  kind  of  statement  we  usually  try  to  disprove  because  it  liurts  the  work. 
We  don*t  say  much  about  the  other  kind. 

3.  As  a  third  result  there  is  the  increased  property  value  accruing  because  of 
the  removal  of  the  health  menace  and  of  the  moaquito  nuisance.  This  is  meas- 
ured in  increased  rental  value  and  is  difficult  to  establish. 

4.  Then  there  is  the  increased  value  to  property  arising  from  the  reclaiming 
of  land  for  agriculture.  Some  of  this  value  can  be  ascertained,  because  the 
growing  crop  where  formerly  mosquitoes  developed  can  be  evaluated.  This 
increased  value  is  sometimes  estimated  by  real  estate  dealers,  landowners,  or 
by  the  property  owners  themselves.  It  not  infrequently  amounts  to  more  than 
was  actually  spent  on  the  whole  undertaking.  The  question  arises,  **Why. 
if  there  is  such  an  obvious  material  gain,  was  the  work  not  undertaken  sooner?  " 
I  think  there  are  several  reasons.  One  undoubtedly  is  due  to  a  trait  fre- 
quently found  in  human  nature  whereby  we  are  loath  to  contribute  willfully  to 
an  effort  in  which  our  neighbor  benefits  more  than  we  do,  particularly  if  we 
believe  that  our  neighbor  has  a  reputation  for  being  stingy  or  if  we  think  tJiat 
he  has  in  some  way  offended  us  in  the  past 

Second,  it  requires  a  certain  amount  of  time  and  effort  to  work  out  a  pro- 
gram that  includes  the  whole  community,  and  frequently  the  community  doe^ 
not  contain  the  individual  sufficiently  altruistic,  sufficiently  patiait  and  long- 
suffering  to  endure  all  the  scathing  statements  with  reference  to  the  ulterior 
motives  said  to  be  actuating  him  to  carry  the  work  to  completion. 

Again,  legal  obstacles  may  exist  which  community  enterprise  unassisted  can 
not  surmount 

I  believe  that  along  these  lines  lies  the  State's  greatest  opportunity  to  reduce 
malaria,  since  the  appeal  can  be  made  to  agricultural  improv^oient  as  well  as 
to  health  advancement.  The  work  will  be  largely  self-sustaining,  in  that  much 
of  the  cost  of  eliminating  malaria  will  be  charged  to  agricultural  dev^opment 

5.  Among  the  indirect  results  which  accrue  and  which  are  difficult  of  evalua- 
tion but  are  of  great  value  to  the  community  is  the  reputation  for  healthful- 
ness  and  for  progress! veness  which  comes  to  the  community  because  of  the 
control  measures  it  carries  out  The  health  authorities  should  perhaps  not  be 
called  upon  to  measure  this  benefit  Rather  it  should  be  worked  out  by  some 
civic  or  commercial  organization,  such  as  the  civic  league  or  chamber  of 
commerce. 

Instances  have  come  to  our  attention  where  civic  development  utterly  impoe- 
sible  without  control  measures  have  immediately  taken  place  after  the  control 
measures  were  successfully  instituted. 

6.  Another  important  indirect  result  comes  from  the  savings  arising  because 
of  increased  bodily  resistance  to  other  diseases.  This  is  comparable  to  the 
like  indirect  gain  resulting  to  a  conununity  when  water-borne  typhoid  fever 
prevailed  until  the  installation  of  a  safe  water  supply  put  a  stop  to  the  recurring 
epidemics.  In  the  case  of  typhoid  fever  it  is  pretty  well  establisdied  that  the 
general  death  rate  is  reduced.  Is  it  also  true  when  malaria  control  measures 
are  instituted?  It  is  logical  to  believe  that  in  the  case  of  malaria  the  results 
will  be  more  noticeable  than  in  the  case  of  typhoid  fever. 

Before  this  effect  can  be  measured  we  must  have  vital  statistics  covering  a 
numb^  of  communities  over  a  period  of  years.  I  do  not  know  of  any  such 
statistics  now  being  collected.    I  think  the  subject  is  worthy  of  study. 

Still  other  indirect  gains  arise  from  various  lines  of  increased  productivity 
made  possible  by  full-time  labor  and  more  efficient  labor.    Some  of  these 
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rains  mn  be  measured,  others  are  prnctlctiUy  impossible  of  evaluation.    Briefly 
aaiuerated  they  are: 

1.  Increased  production  of  manufactured  goodi^. 

2.  Cheaper  production  of  manufactured  goods, 

VariouH  ways  in  which  the  community  is  benefited  thereby  are:  (a)  Mure 
profit  for  merchants  because  of  larger  volume  of  gomls  handled;  (&)  more 
freight  for  railroads;  (c)  more  discounts  for  bankers;  (d)  moi-e  employment 
o(  labor  to  handle  goods;  (e)  better  opportunities  for  professional  men;  {f) 
more  days  at  school  for  children;  (g)  better  roads,  due  to  better  drainage; 
ift)  better  schools  because  more  tenable  property  is  available;  and  so  on.  The 
eoumeration  Is  almost  endless, 

8.  Lastly  there  results  a  community  spirit  of  cooperation  which  makes  pos- 
sible community  undertakings  previously  not  thought  of.  This  is  particularly 
true  in  matters  pertaining  to  public  health.  "  The  fly  problem  must  be  solved 
next  If  we  can  eliminate  mosquitoes "  reasons  the  community.  "  why  not 
fliesi."  As  a  result  the  town  is  cleaned  up.  The  health  department  is  revivified. 
A  nnv  spirit  is  abroad. 

To  measure  these  results  accurately  is  difllcult,  but  we  know  they  exist  and 
tliey  contribute  tremendously  to  the  good  will  of  the  State  and  Federal  health 
tffxanixations  outside  of  the  community  that  have  made  the  work  i>ossible. 

In  somming  tip,  I  should  enumerate  the  methmls  of  evaluation  of  results  of 
local  measures  for  the  control  of  malaria. 

1.  A  history  index  made  by  as  intelligent  workers  as  are  available,  slu^wing 
wwentially : 

Location  of  house. 

Number  of  oases  In  the  family,  this  year,  last  year. 
Length  of  residence  in  the  community. 
Previous  history  of  malaria. 
Economic  loss  due  to  drugs,  fees,  lost  time. 

This  index  to  be  prepared  both  before  any  measu^-es  are  undertaken  and 
iboot  i  year  later,  and  again  during  the  following  year.  , 

2.  Definite  statements  from  physicians  with  reference  to  the  reduction  of 
naliria  cases  in  their  own  practice. 

3.  General  statements  from  leaders  in  the  community  with  reference  to  tlielr 
fwn  ofoserrations  both  as  to  the  amount  of  malaria  and  as  to  the  value  of 
neasures  instituted. 

4.  Statements  from  civic  or  commercial  organizations  who  have  studied  the 
fleet  of  the  measures  carried  out. 

5.  Point  out  to%\Tis  which  are  spending  money  yearly  on  maintenance  work 
a  order  that  there  may  not  be  a  recurrence  to  former  conditions. 

Doctor  CuMMiNG.  Doctor  Ferrell,  would  you  like  to  discuss  Mr. 
Pisb^r's  paper? 

Itoctor  Ferbell.  It  is  probably  not  in  order  for  me  to  attemi)t  to 
iiscuss  these  papera,  because  the  State  health  officers  under  whose 
^neral  supervision  the  work  has  been  conducted  are  present  and  are 
^^ell  qualified  to  present  the  facts.  Moreover,  Doctor  Fricks,  who 
krotes  his  entire  time  to  the  malaria  work,  has  presented  a  most 
nteresting  account  of  the  activities. 

Two  points  occur  to  me  which  should  be  of  general  interest.  One 
dates  to  the  demonstrated  feasibility  of  three  or  more  agencies  coop- 
rating  harmoniously  in  a  common  task.     In  the  Southern  States 
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aiming  the  past  tliree  yeai's  the  Public  Health  Service,  State  boards 
of  health,  selected  counties  and  towns,  and  the  International  Health 
Board  have  worked  in  complete  harmony  and  through  joint  effort 
have  made  gratifying  progress  in  controlling  malaria. 

The  second  point  was  touched  upon  by  Mr,  Fisher.  All  executives 
lesponsible  to  the  taxpayers  and  legislative  bodies  are  interested  in 
the  development  of  methods  for  determining  the  public  health  impor- 
tance of  a  given  disease  at  a  given  time,  the  progress  made  in  its 
control,  and  the  cost  of  obtaining  control.  Evidence  which  is  more 
tangible  than  is  general  opinion  should  be  collected.  The  gentlemen 
from  Virginia  and  North  Carolina  have  presented  figures  for  meas- 
uring results  which  should  have  suggestive  value.  It  may  not  be 
feasible  to  collect  accurate  information  for  the  entire  work,  but  it 
sliould  be  practicable  to  collect  definite  information  for  sample  areas. 

It  has  been  a  satisfaction  to  me  as  a  representative  of  the  Inter- 
national Health  Board  to  work  with  the  Federal,  State,  and  local 
health  officers  who  are  responsible  for  the  gratifying  progress  that 
has  been  made  in  this  field. 

Doctor  CuMMiNG.  I  think  that  Alabama  has  done  more  than  anv 
one  State,  from  what  I  hear,  during  the  last  few  years.  We  shall  all 
be  glad  to  hear  from  Doctor  Welch. 

Doctor  AVelch.  I  want  to  show  you  by  these  charts  what  I  think 
is  vei'v  largely  true  of  the  entire  Southern  States.  The  South  stands 
convicted  of  having  malaria,  typhoid  fever,  and  hookworm  disease. 
We  have  pleaded  guilty  to  the  indictment  and  have  gone  about  re- 
movinir  the  stigma  in  a  svstematic  manner.  This  chart  shows  the 
distribution  of  deaths  in  Alabama  in  1917  before  any  work  was  un- 
dertaken. 

This  chart  shows  the  number  of  deaths  for  10*21. 

You  will  observe  that  there  are  530  red  dots  on  the  1017  chart. 
There  are  281  on  the  1021  chart.  In  the  hill  counties  of  Alabama 
there  is  practically  no  malaria  now.  It  has  l)een  expelled  in  the 
last  few  years.  There  are  still  areas  of  heav}*  infection  along  our 
river  fronts  and  in  the  swampy  areas  of  the  State.  You  .will  observe 
by  this  chart  the  area  of  heaAy  infection.  We  are  attacking  these 
strategic  points  on  the  theory  that  if  we  expel  malaria  from  these 
heavily  infected  areas  there  will  be  a  tendency  for  it  to  disappear 
from  natural  causes  in  the  other  sections.  Malaria  is  coming  rapid U^ 
under  control  in  Alabama,  and  we  believe  that  in  a  few  years  we 
will  have  come  out  from  under  this  handicap  under  which  we  have 
labored  for  the  last  century. 

I  will  say  to  the  smiling  cynics  before  me  that  the  State  board 
of  health  did  have  a  part  in  lowering  the  death  rate  in  Alabama 
from  malaria.     It  is  at  least  getting  the  credit  for  it  down  there. 
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In  my  opinion,  the  chief  factor  in  this  rapid  reduction  is  due  to 
the  fact  that  during  the  war,  at  Muscle  Shoals,  Camp  Sheridan,  and 
Camp  McClellan,  the  United  States  Public  Health  Service  did 
some  very  eflfectiye  malaria-control  work.  In  1016  the  impounded 
waters  of  Lock  12  on  the  Coosa  River  were  stocked  witli  top  feed- 
ing minnows,  and  from  this  center  they  have  been  distributed  to  the 
streams  all  over  the  State. 

Discussing  the  other  problems  of  the  South,  1  have  here  an  inter- 
esting chart  which  comes  to  me  from  my  predecessor.  A  laborer 
rame  to  this  sawmill  camp  infected  with  typhoid  fever.  The  stools 
were  thrown  intq  this  marsh,  which  conmiunicated  with  this  creek. 
The  water  in  the  well  which  supplied  the  sawmill  was  exhausted. 
A  ditch  was  cut  to  the  creek  and  the  water  from  it  conveyed  to 
the  well.  Three-fourths  of  the  hands  working  at  the  sawmill  went 
down  within  three  weeks  with  typhoid  fever,  and  one-fourth  of 
those  infected  died. 

We  have  a  splendid  system  of  control  of  municipal  water  supplies. 
As  a  result  of  that  control  there  were  989  deaths  from  typhoid  fever 
in  1917  and  only  372  in  1921.    This  work  I  am  showing  graphically 
is  the  character  of  work  being  done  by  all  the  boards  of  health  in  the 
.^uthem  States.    We  have  accepted  our  problems.    When  we  have 
successfully  solved  our  malaria,  typhoid,  and  hookworm  problems, 
as  we  surely  will,  our  health  problems  will  then  not  differ  from 
those  of  other  parts  of  the  United  States  and  the  South  will  come 
into  her  own  again. 
Doctor  CtxMMiNO.  Doctor  McCormajk,  of  Kentucky. 
Doctor  McCoRMACK.  I  am  rather  inclined  to  think  that  in  the 
long  run  those  of  us  in  the  malaria  *And  hookworm  and  rather  large 
typhoid   fever  area  of  the  United   States  will  be  very   fortunate, 
because  it  is  much  easier  for  us  to  demonstrate  to  our  people  rapid 
and  marked  progress  than  it  is  in  the  sections  that  are  so  unfor- 
tunate as  not  to  have  these  dran-«atic  diseases,  and  therefor<\  we  are 
ible  to  secure  a  degree  of  public  confidence  rather  more  rapidly 
than  they  are  able  to  furnish  us  with  money. 

Having  been  in  some  25  States  during  the  past  year,  I  have  been 
impressed  with  the  tremendous  progi-ess  that  is  being  made  to-day  by 
the  health  organizations  of  the  United  States.  It  seems  to  me  that 
t  is  of  the  utmost  importance  that  we  formulate  our  plans  for  the 
•^tate,  so  as  to  do  our  job  better  every  day,  and  that  in  the  increasing 
)ersonnel  that  is  being  demanded  by  the  people  we  develop  that  per- 
onnel  so  that  it  is  competent  and  delivers  the  goods  in  its  individual 
mit  in  practically  every  instance.  We  can  not  afford  to  make  a 
nistafce.  We  can  not  afford  to  fumisli  through  these  people  incom- 
H^tent  health  officials  and  accept  the  responsibility  for  them.     We 
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must  build  our  agencies,  if  necessary,  rather  slowly  to  meet  the 
popular  demand. 

The  cooperation  between  the  United  States  Public  Health  Service 
and  the  States  and  the  localities  seems  to  me  to  be  the  most  im[>ortant 
prospective  development  of  the  future.  At  the  i-ecently  adjourned 
conference  of  State  health  authorities  I  do  not  think  anything  more 
important  was  considered  than  the  memorial  to  the  Congi^ess  thank- 
ing them  for  the  Federal  aid  which  has  been  extended  to  the  States 
where  great  progress  has  been  made,  but  requesting  Congress  and 
the  Executive  to  study  the  entire  health  problem  presented  in  these 
United  States  and  to  formulate  such  a  general  plan  of  coordination 
and  cooperation  as  will  af*sist  in  stimulating  the  development  of 
some  sort  of  competent  local  health  agency  that  will  be  available  for 
every  citizen  and  every  resident  in  the  United  States,  Our  plan 
should  be  developed  broadly,  and  I  believe  it  is  important  for  us  to 
come  in  contact  with  Senators  and  Congressmen.  They  are  always 
glad  to  have  us  and  have  our  advice.  They  know  very  little  about 
these  special  problems  unless  they  get  that  information  from  one  of 
us,  and  we  have  been  rather  backward  sometimes,  it  seems  to  me,  in 
going  to  our  statesmen  whose  first  desire  naturally  is  to  take  care  of 
the  people  who  elect  them  to  office. 

We  have  been  a  little  remiss,  I  suspect,  in  giving  to  them  the  in- 
formation which  we  have  which  would  be  of  enormous  interest  and 
value  to  them  if  it  were  presented  to  them  by  those  of  us  in  whom 
they  have  confidence.  Of  course,  if  you  do  not  know  your  Congress- 
men and  Senators,  if  they  do  not  believe  in  you,  it  is  better  for  you 
not  to  talk  to  them ;  but  if  they  do,  and  you  have  not  charged  them 
with  the  knowledge  that  you  have,  it  seems  to  me  that  in  that  way 
you  are  derelict  in  a  big  part  of  your  duty. 

In  recent  conferences  in  various  parts  of  the  country  public- 
health  nurses  who  were  acquainted  with  representatives  in  the  State 
legislature  talked  to  them  about  health  and  their  social  problems. 
I  want  to  say  that  if  you  have  not  talked  to  your  Senators  and 
Representatives,  and  if  you  have  not  talked  to  your  representatives 
in  the  assembly  of  the  State,  it  is  just  like  trying  to  write  on  blank 
pa|>er  with  a  pencil  without  a  point.  It  is  important  for  us  to  take 
our  movement  forward  vei-y  rapidly  if  we  are  going  to  make  real 
progress.  I  want  to  appeal  to  the  health  officers  of  this  country  to 
feel  the  tremendous  responsibility,  not  alone  for  the  scientific, 
patriotic,  and  statesmanlike  work  that  we  are  doing  from  our  offices 
but  for  making  the  right  impression  on  the  public.  That  is  our  first 
responsibility,  and  unless  we  do  take  an  active  interest  in  it  we  can 
not  make  progress  as  rapidly  as  we  desire.  On  the  other  hand,  we 
must  not  get  too  far  away  from  our  load.  I  like  to  remember  our 
countrv  fellows.    If  you  hitch  your  team  too  far  from  the  load,  you 
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either  break  the  traces  or  stall  the  team.  You  do  not  want  to  get 
too  far  ahead  of  public  opinion,  but  you  should  keep  on  educating 
public  opinion  so  it  keeps  up  with  you ;  but  be  sui'e  to  educate  legis- 
lative opinion  so  it  keeps  up  also.  The  most  important  result  of  such 
a  (conference  is  not  only  the  mutual  acquaintanceship,  the  general 
rivalry  stimulated  by  such  a  demonstration  as  this  health  officer 
from  Alabama  suggested,  but  confidence  in  one  another  and  mutual 
knowledge  that  the  problem  that  confronts  any  of  us  in  any  State 
in  the  Union  is  the  problem  of  every  health  officer.  We  must  make 
the  Congress  help  us  build  an  organization  that  will  make  the 
United  States  the  healthiest,  happiest,  and  I)est  nation  in  the  world. 

In  Portland  I  was  speaking  to  a  city  club  that  made  a  remark- 
iblc  study  in  cooperation  with  the  service  of  sanitary  conditions 
in  Portland.  I  spoke  that  day  on  the  same  program  with  the 
president  of  the  University  of  Bombay,  and  in  his  opening  remarks 
he  said  that  he  represented  an  institution  that  had  existed  con- 
tinuously for  7,000  years.  It  made  us  feel  very  young.  At  the  end 
of  7,000  years  I  would  like  to  see  America  a  nation  whose  destinies 
were  not  presided  over  by  some  foreign  potentate;  I  would  like  to 
see  America  still  have  its  place  in  the  sun  and  still  helping  to  con- 
trol the  destinies  of  mankind.  If  we  are  to  do  that,  we  must  train 
our  whole  citizenship. 

Doctor  CtJMMiNG.  If  I  had  time,  I  would  get  Doctor  McCormack 
to  tell  you  what  the  chairman  of  the  Appropriations  Committee 
told  him.  Doctor  Fulton  will  now  talk  to  you  about  the  registration 
trea  for  morbiditv. 

REGISTRATION  AREA  FOR  MORBIDITY. 

Doctor  FcxTON.  The  Surgeon  GeneraPs  office  and  the  delegates  to 
this  conference  have  been  patient  and  considerate  toward  me  during 
six  or  seven  years  past.  Nearly  every  year  I  have  summarized  the 
morbidity  reports  turned  in  by  the  States  and  cities  to  the  Surgeon 
(jeneral's  office  in  such  fashion  as  to  indicate  the  order  of  merit  of  so 
many  attempts  on  the  part  of  34  States  to  inform  themselves  about 
current  morbidity. 

Each  year  I  have  proposed  the  formation  of  a  registration  area  for 
morbidity  to  be  located  in  the  United  States  Public  Health  Service 
of  the  Treasury  Department. 

During  the  la^  five  years  I  have  considered  it  quite  feasible  to 
create  such  a  registration  area,  the  conditions  being,  in  my  judg- 
mtntf  quite  as  favorable  as  the  conditions  under  which  the  United 
States  registration  area  for  mortality  was  created  in  consequence 
(it  tn  act  of  Congress  passed  in  1902  and  giving  us,  in  1906,  a  first 
volmne  of  mortality  statistics,  covering  the  annual  mortality  for 


78       TRANSACTIONS  OF  THE  TWENTIETH  ANNUAL  CONFERENCE. 

four  years  (1900-1904)  in  an  area  comprising  only  11  States  and  a 
number  of  cities  in  nonregistration  States. 

The  creation  of  a  registration  area  for  births  (1915)  was  effected 
under  conditions  less  favorable  than  the  Treasury  Department  now 
confronts  in  planning  a  registration  area  for  morbidity. 

The  Surgeon  General's  office  is  not  destitute  of  knowledge  concern- 
ing current  morbidity.  It  does  not  receive  this  information  in  such 
a  way  nor  has  the  office  internal  arrangements  or  personnel  sufficient 
to  produce  annual  publications  of  the  kind  we  are  familiar  with  in 
accounting  for  births  and  deaths. 

I  sincerely  hope  that  the  conference  will  not  adjourn  without 
placing  as  heavy  a  load  as  the  delegates  present  can  reasonably  im- 
pose upon  the  Surgeon  General's  office  concerning  this  project  and 
that  everyone  will  get  behind  the  Surgeon  General.  He  may  have 
space  and  personnel,  though  1  doubt  it.  Certainly  he  will  need  addi- 
tional funds. 

Finally,  remember  this,  that  the  conference,  in  assenting  to  delay, 
willingly  or  unwillingly  delays  the  project  not  for  a  year  but  for 
two  years.  When  authority  and  means  are  at  length  provided  we 
shall  wait  at  least  18  months  for  a  first  report  of  the  Surgeon  Gen- 
eral on  the  registration  area  for  morbidity. 

Doctor  Gumming.  Doctor  Warren. 

Doctor  Warrbn.  The  Public  Health  Service  has,  as  Doctor  Fulton 
knows,  been  endeavoring  to  get  appropriations  for  six  or  seven  years 
to  start  the  registration  area  for  morbidity.  During  the  war  every- 
thing went  for  the  war;  there  was  no  extra  money  except  for  war 
purposes.  Since  the  war  there  has  been  economy,  but  I  believe  that 
during  the  coming  year  or  so  the  Congress  will  let  us  have  some 
appropriations  for  this  purpose. 

The  Congi*ess  has  placed  these  appropriations  back  on  a  pre-war 
basis,  and  that  is  where  we  are  now,  without  any  funds;  but  the 
Public  Health  Service  has  endeavored  to  assist  in  this  line  in  getting 
better  morbidity  reporting  by  means  at  hand.  For  example,  there 
are  now  only  four  States  east  of  the  Mississippi  Biver  and  two 
States  west  of  the  Mississippi  River  without  collaborating  epidemi- 
ologists of  the  Public  Health  Service.  The  number  in  the  States  is 
gradually  increasing.  We  now  have  between  four  and  five  thou- 
sand collaborating  and  assistant  epidemiologists;  and  if  you  will 
notice  morbidity  reports,  they  have  been  increased  over  100  per  cent 
in  the  last  six  or  seven  years,  or  more  than  that. 

In  regard  to  doing  something  without  funds,  we  thought  at  one 
time,  after  the  last  conference,  that  we  would  start  something  in 
the  way  of  getting  at  the  morbidity  by  means  of  the  weekly  mor- 
bidity occuiTing  in  100  cities  in  the  United  States.  We  sent  out 
letters  to  the  State  health  officers  with  that  in  view.    We  realized  that 
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to  get  these  morbidity  reports  promptly  we  would  have  to  in  a  way 
jret  the  reports  direct  from  the  cities.  We  put  up  to  them,  owing 
to  the  urgency  of  getting  a  quick  repoii;,  the  question  of  having 
the  cities  send  us  a  telegram  every  Monday  morning  and  mail  a 
ropy  of  that  telegram  to  the  State  health  officer,  but  it  did  not  get 
their  approval.  I  do  not  blame  the  State  health  officers.  From  their 
viewpoint  it  was  not  the  best  policy,  and  so  we  let  it  go  at  that.  So 
many  of  them  objected  to  it  that  we  decided  not  to  push  it  any 
further.  We  do  receive  on  Monday  and  Tuesday  of  each  week 
tele^rrams  of  the  reports  from  quite  a  number  of  States. 

The  following  is  a  list  of  States  showing  they  have  reported 
for  the  17  weeks  of  this  year : 

^Vlabama  has  reported  on  time  16  times,  1  time  late ;  Arizona  has 
made  no  report;  Arkansas  has  repoiied  all  reports  on  time;  Cali- 
fornia, all  reports  on  time;  Colorado,  on  time  16  times,  1  time  late; 
Connecticut,  all  reports  on  time ;  Delaware,  14  times  on  time,  1  time 
late,  and  2  reports  not  received ;  District  of  Columbia,  17  times  late ; 
Florida,  all  reports  on  time;  Georgia,  all  reports  on  time;  Idaho, 
no  report ;  Illinois,  all  reports  on  time ;  Indiana,  all  reports  on  time ; 
Iowa,  all  reports  on  time;  Kentucky,  17  times  late;  Louisiana,  16 
times  on  time  and  1  time  late ;  Maine,  12  on  time  and  5  late ;  Mary- 
land, all  reports  on  time ;  Massachusetts,  all  reports  on  time ;  Michi- 
^'an,  no  reports;  Minnesota,  all  reports  on  time;  Mississippi,  all 
reports  on  time ;  Missouri,  all  reports  on  time ;  Montana,  all  reports 
on  time;  Nebraska,  all  reports  on  time;  New  Jersey,  all  reports  on 
time;  New  Mexico,  all  reports  on  time;  New  York,  all  reports  on 
time;  North  Carolina,  all  reports  on  time;  North  Dakota,  no  report; 
Ohio,  no  report;  Oregon,  all  reports  on  time;  South  Carolina,  no 
report ;  South  Dakota,  all  reports  on  time ;  Texas,  all  reports  on  time ; 
Vermont,  all  reports  on  time;  Virginia,  9  reports  on  time,  8  reports 
not  received;  Washington,  all  reports  on  time;  West  Virginia,  16 
rpjx)rts  on  time  and  1  time  late;  Wisconsin,  all  reports  on  time; 
Wyoming,  only  2  reports  received. 

Of  course,  the  morbidity  reports,  as  received,  are  not  satisfactory, 
but  it  shows  the  State  health  officers  are  trying  to  cooperate  and  send 
lis  what  they  have,  and  we  publish  those  reports,  if  they  are  received 
f>n  time. 

In  connection  with  the  obligations  to  collect  morbidity  reports, 

which  have  been  imposed  upon  the  Public  Health  Service  by  acts 

'»f  Congress  and  treaty  obligations,  the  following  letter  of  the  Sur- 

2eon  General  is  published  as  explaining  in  full  his  position  in  this 

rejrard : 

T»,  ^    ,  ^  .Tune  22.  1922. 

i*T,  A.  J.  Chksley. 

Secretary  State  Board  of  Health,  St.  Paui,  Minn, 

DtAB  DocTOB  Chesley:  I  wish  to  acknowledge  the  receipt  of  your  lettet-  of 

June  14,  relative  to  the  eoUection  of  morbidity  reports  by  the  Public  Health 
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Service  from  the  cities  of  the  United  States.  I  have  before  me  the  r^olution 
adopted  by  the  thirty-seventh  annual  meeting  of  the  Conference  of  State  and 
Provincial  Health  Authorities  of  North  America,  relative  to  this  subject. 

In  a  general  way,  I  may  say  that  I  agree  with  the  principles  contained  in  the 
resolution  relative  to  State  health  work,  but  it  did  not  occur  to  me  at  the  time 
I  agreed  to  the  resolution  of  the  State  health  officers  that  the  Public  Health  Senr- 
ice  has  certain  duties  to  perform  under  the  acts  of  Ongress  which  do  not  relate 
to  State  health  work,  such,  for  example,  as  national  quarantine,  prevention  of 
Interstate  spread  of  certain  diseases,  and  the  carrying  out  of  treaty  obligations 
of  the  United  States.  In  performing  these  functions,  however,  I  wish  it  clearly 
understood  that  it  is  my  desire  at  all  times  to  execute  these  duties  in  coc^ien* 
tipn  with  State  and  local  health  authorities.  I  realize  that  it  is  by  teamwo^ 
that  the  health  protection  of  the  citizens  of  the  United  States  can  best  be  accom- 
plished. 

Occasionally  in  the  history  of  the  Public  Health  Service  questions  as  to  the 
methods  of  cooperation  with  State  and  local  health  authorities  have  been 
brought  to  the  attention  of  tjie  bureau  by  resolution  or  otherwise.  In  many  in- 
stances, as  in  this  resolution,  those  who  drafted  the  resolutions  did  not  have 
the  background  of  knowledge  or  experience  as  to  the  duties  and  obligations  of 
the  service  under  the  acts  of  Ck)ngres8. 
The  act  of  February  15,  1898,  provides,  among  other  things,  as  follows : 
"  ♦  ♦  ♦  and  the  Secretary  of  the  Treasury  shall  also  obtain  through  all 
sources  accessible,  including  State  and  municipal  sanitary  authorities  through- 
out the  United  States,  weekly  reports  of  the  sanitary  conditions  of  ports  and 
places  within  the  United  States,  and  shall  prepare,  publish,  and  transmit  to  col* 
lectors  of  customs  and  to  State  and  municipal  health  officers  and  other  sani- 
tarians weekly  abstracts  of  the  consular  sanitary  reports  and  other  pertinent 
information  received  by  him,    ♦    ♦    ♦." 

Under  the  international  sanitary  convention  signed  at  Paris  January  17,  1912, 
the  United  States  obligates  itself  to  furnish  to  the  other  powers  signatory  to  the 
treaty  information  as  to  the  sanitary  conditions  in  the  United  States.  You  can 
readily  understand,  therefore,  that  the  collection  of  morbidity  reports  is  a  Fed- 
eral obligation,  as  well  as  a  State  and  local  one.  As  a  Federal  obligation  it  baa 
nothing  to  do  with  the  police  powers  of  the  State  and  is  not  an  interference  on 
the  part  of  the  Federal  Government  in  the  State  police  powers,  and  is  clearly 
within  the  duties  which  might  be  expected  of  tlie  United  States,  especially  in 
its  relations  with  foreign  countries. 

The  Public  Health  Service  has  been  receiving  these  reports  from  the  cities  as 
far  back  as  1888.  The  reports,  of  course,  were  very  meager  at  that  time,  but 
they  have  been  Increasing  in  volume  and  improving  in  reliability  until  at  the 
present  time,  out  of  755  cities  in  the  United  States  with  a  population  of  10,000 
or  more,  the  Public  Health  Service  is  receiving  regular  reports  from  264  cities, 
and  fairly  satisfactory  reports  from  291  other  cities,  or  a  total  of  555.  These 
reports  are  published  weekly  in  the  Public  Health  Reports  and  the  annual  re- 
ports received  from  these  cities  are  published  annually.  I  am  inclosing  a  copy 
of  the  Public  Health  Reports  for  June  9.  1922.  By  reference  to  that  report  you 
will  find  the  annual  report  for  cities  of  100,000  population  and  over,  covering 
some  20  pages.  In  the  same  report  you  will  find  the  weekly  city  reports  for  the 
week  ended  May  20,  1922,  covering  12  pages.  A  further  reference  to  this  issue 
will  show  you  a  weekly  report  received  from  the  States.  This  covers  five  pages. 
In  the  same  issue  you  will  find  the  Health  Index  compiled  each  week  by  the 
Census  Bureau  from  the  city  reports.  I  understand  that  the  Census  Bureau  In 
establishing  its  registration  area  for  mortality  reports  <loes  not  always  work 
through  State  health  departments. 
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In  collecting  the  morbidity  reports  from  cities,  the  Public  Health  Service  de- 
vires  to  obtain  three  classes  of  information : 

1.  The  number  of  cases  of  communicable  diseases  reported  to  the  city  au- 
rhorities  each  week. 

2.  The  nunil>er  of  deaths  from  the  communicable  diseases  reported. 

3.  The  number  of  deaths  from  all  causes. 

For  your  Information  I  am  Inclosing  a  card  used  by  the  service  for  this  pur- 
pose, a  supply  of  which  is  sent  to  all  of  the  cities  in  the  United  States  of  10,000 
popolation  or  over.  These  cards,  when  filled  out  by  the  city  health  authorities, 
are  sent  directly  to  the  Public  Health  Service.  Up  to  the  present  time  there 
has  been  very  little  complaint  on  the  part  of  the  State  that  such  reports  inter- 
ipre  with  reports  of  the  same  cities  to  the  State  departments  of  health.  When 
»ucb  complaints  come  ftom  the  State  departments  of  health  to  tlie  PubUc  Health 
t^rrice,  they  are  informed  as  to  the  purpose  of  these  reports.  In  such  eases 
the  State  departments  of  health  are  also  informed  that  cities  in  the  said  States 
would  be  advised  to  discontinue  such  reports  to  the  Public  Health  Service,  pro- 
vided the  State  departments  of  health  could  furnish  the  same  information  as 
promptly  and  as  accurately  as  the  information  received  from  the  dties,  thus 
«aabling  the  Public  Health  Service  to  perform  its  duties  under  the  law  and 
curry  out  the  treaty  obligations  of  the  United  States  In  regard  to  international 
sanitary  agreements. 

Up  to  the  present  time  three  States  have  agreed  to  furnish  the  desired  infor- 
aittioo  from  cities  within  their  jurisdictions.  These  three  States,  however, 
have  not  up  to  the  present  time  succeeded  in  furnishing  the  information  as 
tlcdred.  One  difficulty  which  seems  to  lie  in  the  way  of  the  States  furnishing 
riiis  information  promptly  and  accurately  is  the  fact  that  the  death  reports  do 
Dot  appear  to  be  available  for  insertion  on  the  card.  Another  difficulty  is  that 
in  the  rush  of  other  work  in  the  State  department  of  health  there  results  a 
considerable  delay,  especially  in  times  of  an  epidemic,  when  the  information  is 
uartlcnlarly  desired. 

Recently  a  certain  State  d^artment  of  health  made  a  complaint  similai^to 
joun,  but  when  advised  as  to  the  character  of  the  information  desired,  the 
secretary  of  the  State  board  of  health  withdrew  his  objections. 

If  Minnesota  is  able  to  furnish  the  information  desired  of  all  the  cities  in  its 
jurisdiction  of  10,000  population  and  over,  the  Public  Health  Service  will  be 
clad  to  collect  this  information  through  your  office,  but  you  can  readily  see  that 
under  the  act  quoted  above  the  PubUc  Health  Service  is  commanded  by  the  Gon- 
ms$  to  obtain  this  information  through  all  sources  accessible,  including  State 
and  municipal  sanitary  authorities.  Where  States  are  willing  and  able  to 
furnish  the  information  required  under  the  law,  it  is  a  much  more  desirable 
Qiethod  of  collection.  But  where  States  are  unwilling  or  unable  to  furnish  the 
information,  it  is  a  mandate  of  Congress  to  the  Public  Health  Service  to  seek 
to  collect  this  iuformation  from  municipal  sanitary  authorities. 
Respectfully, 

H.  S.  Gumming,  Surgeon  General. 

Doctor  CuM3iiNo.  If  there  is  no  discussion,  we  will  now  take  up 
the  topic  "  Venereal  diseases,  the  proposed  program  for  the  ensuing 
fiscal  year." 

PROPOSED  PROGRAM  FOR  THE  CONTROL  OF  VENEREAL  DISEASES. 

Doctor  PiEKCE.  Day  before  yesterday  six  of  the  State  venereal- 
disease  control  officers  were  in  conference  practically  all  day  with  me 
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and  with  other  members  of  the  staiF  of  the  Venereal  Disease  Division. 
The  State  venereal-disease  directors  present  were  from  New  York, 
Pennsylvania,  Mississippi,  New  Jei'sey,  Indiana,  and  North  Caro- 
lina. That  iiiofht  three  State  health  officers.  Doctors  Olin,  McCor- 
mack,  and  Crumbine,  met  with  us  and  discussed  a  program  for  next 
year.  At  this  conference  we  reviewed  the  worlt  that  had  been,  done 
during  the  past  year  and  the  State  programs  already  in  operation, 
and  also  discussed  in  some  detail  various  phases  of  the  program  that 
all  of  us  agreed  should  be  emphasized  during  the  coming  year. 

In  order  to  carry  on  any  practical  program  in  any  Stiite  money  i^ 
required.  Most  of  you  know  Congress  appropriated  $225,000  for 
allotment  to  State  boards  of  health  for  venereal-disease  control  work 
during  the  fiscal  year  beginning  July  1,  1922.  I  am  sorry  that  this 
amount  is  not  larger,  as  it  figures  out  a  little  less  than  one-fourth  of 
a  cent  per  capita  of  population.  The  allotment  due  each  State  was 
printed  in  Public  Health  Reports  for  May  5,  1922.  Shortly  after 
you  return  to  your  homes  you  will  receive  a  letter  from  the  Surgeon 
General  setting  forth  the  exact  amount  to  which  each  State  is  entitled 
and  the  provisions  under  which  it  can  be  obtained.  An  equal  amount 
must  be  appropnated  or  otherwise  set  aside  by  the  State  for  expendi- 
ture for  venereal-disease  control  work  under  the  direction  of  the  State 
board  of  health. 

The  regulations  governing  the  payment  of  the  allotment  will  1h» 
the  same  as  they  have  been  for  the  past  four  years;,  with  a  few  modi- 
fications made  necessary  by  the  fact  that  the  appropriation  this  year 
\v'i#s  made  in  the  Treasury  Department  bill  and  will  be  handled  by 
the  Public  Health  Service.  A  plan  for  paying  these  allotments  to 
the  States  was  submitted  to  the  Comptroller  General  of  the  United 
States  and  was  approved  by  his  office  and  by  the  Secretary  of  the 
Treasury.  This  plan  i)rovides  that  allotments  will  be  paid  quarterly 
in  advance.  Before  the  State  is  paid  evidence  must  be  furnished  to 
the  Surgeon  General  that  an  equal  amount  of  State  funds  are  avail- 
able, and  a  budget  is  to  be  prepared  and  forwarded  to  the  Publii- 
Health  Service  showing  the  manner  in  which  it  is  propsed  to  expend 
the  joint  fund.  State  funds  in  excess  of  the  Federal  allotment  shouhl 
not  be  included  in  the  budget,  nor  should  the  expenditure  of  such 
funds  be  reported  to  the  Public  Health  Service,  except  as  a  matter 
of  interest  and  as  evidence  of  work  accomplished  by  the  State. 

After  the  first  quarterly  installment  of  the  allotment  has  been  paid 
to  a  State,  all  vouchers  will  be  settled  by  the  State  and  not  sent  to 
Washington  for  payment.  A  monthly  repoi-t  of  disbursements  made 
from  the  joint  fund  will  be  required. 

There  are  three  things  that  can  not  be  bought  from  the  joint  vene- 
real-disease control  fund — buildings^  land,  and  automobiles — as  con- 
gressional restrictions  api)ly  to  the  joint  fund. 
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Having  disposed  of  the  financial  phase  of  this  matter,  let  us  con- 
sider briefly  the  program  for  next  year.  The  six  State  venereal- 
disease  control  officers  and  the  three  State  health  officei-s  participat- 
ing in  the  conference  of  day  before  yesterday  have  practically  agreed 
upon  the  basic  principles  of  the  program  for  the  coming  year.  Please 
remember  during  this  discussion  that  the  suggestions  made  are 
largely  generalities  and  that  the  details  regarding  the  application  of 
these  principles  are  left  to  each  State.  All  of  us  feel  that  it  will  be 
well  worth  while  to  devote  considerable  thought,  energy,  intelligence, 
and  supervision  to  the  question  of  interesting  private  practitioners 
throughout  the  country  in  venereal-disease  control  and  to  endeavor 
to  see  that  doctors  give  better  treatment  to  these  cases  in  the  f tture 
than  they  have  in  the  past.  We  believe  that  90  per  cent  of  the  vene- 
real-disease cases  will  be  treated  by  general  practitioners,  not  by 
specialists.  This  is  a  condition  that  we  can  not  change,  and  therefore 
we  ^ould  get  the  general  practitioners  to  adopt  better  methods  of 
treatment.  We  should  also  impress  upon  them  the  importance  of 
the  social  phase  of  venereal-disease  control  to  a  much  greater  extent 
than  is  appreciated  at  the  present  time.  By  social  phase,  I  refer  to 
ascertaining  the  sources  of  infection  and  efforts  to  prevent  the  spread 
of  venereal  diseases.  Certainly,  when  a  married  man  or  woman  or  a 
^Kild  is  under  treatment  for  a  venereal  disease  the  doctor  should 
inquire  into  the  history  of  the  case  and  examine  the  other  members 
of  tlie  family  to  bring  them  under  treatment  if  necessary. 

All  of  us  agreed  that  the  work  of  the  divisions  of  venereal  diseases 
in  the  various  State  boards  of  health  should  be  linked  up  with  tlie 
work  to  be  done  in  your  State  under  the  terms  of  the  Sheppard- 
Towner  Act.  If  you  endeavor  to  prevent  infant  and  maternity  mor- 
tality and  to  bring  about  conditions  which  will  benefit  the  new- 
'>orn  child,  there  is  no  other  one  activity  that  plays  a  larger  part  in 
•utii  a  program  than  control  of  venereal  diseases,  paiticularly  syphi- 
lis. Th^re  is  a  good  deal  of  statistical  data  available  on  the  relation 
^i  syphilis  to  infant  mortality.  Such  data  has  l)een  collected  by 
I>r.  P.  C.  Jean,  of  St.  Louis,  and  Dr.  Whitridge  Williams,  of  Balti- 
more. At  the  present  time  a  letter  is  being  prepared  which  will  be 
^nt  to  all  State  health  officers  inviting  attention  to  the  importance 
f»f  venereal-disease  control  in  any  program  to  promote  infant  and 
maternity  welfare.  This  letter  is  based  on  data  we  have  collected 
and  on  the  opinions  of  the  leading  obstetricians  of  this  country, 
•lust  how  to  link  up  venereal-disease  control  work  with  infant  and 
maternity  welfare  work  in  the  State  is  something  for  each  health 
officer  to  work  out  for  himself.  We  desire  to  recommend  that  you 
♦If'vise  some  plan  to  make  these  two  divisions  of  your  State  board  of 
t'ealth  function  coordinately. 

Another  point  we  all  agreed  upon  was  that  every  effort  should  be 
niade  to  develop  the  venereal-disease  control  program  as  a  local  com- 
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munity  responsibility.  We  want  to  get  each  town  and  county  ol 
every  State  to  bear  its  own  financial  burden  and  to  provide  treatJ 
ment  for  infected  persons;  to  carry  on  preventive  work;  protectiva 
social  work;  educational  work;  and  all  the  phases  of  tli^  program. 
Each  community  should  be  willing  to  assume  its  local  req>onsibilit]^ 
in  relation  to  protecting  the  rest  of  the  community  against  venereil 
diseases,  just  as  they  do  for  all  other  communicable  diseases. 

The  fourth  point  discussed  and  upon  which  we  agreed  was  that 
we  recommend  to  State  health  officers  that  the  venereal  disease 
control  program  should  be  carried  on  as  nearly  as  possible  in  tlie 
same  general  manner  that  all  other  communicable  disease  control 
progl-ams  are  conducted.  We  should  not  expect  to  continue  in- 
definitely to  make  provision  for  a  special  agency  in  each  State  for 
venereal  disease  control.  Such  work  is  really  a  part  of  the  work 
of  the  commimicable  disease  bureau  or  division.  During  the  past 
four  years  we  were  quite  justified  in  making  venereal  disease  control 
work  a  special  division  of  the  State  board  of  health  because  the 
problem  had  been  neglected  previously,  but  we  must  now  look  for- 
ward to  the  time  when  such  work  will  become  a  part  of  the  bureau 
of  communicable  diseases,  to  the  time  when  gonorrhea  and  syphilis 
will  be  controlled  as  are  other  communicable  diseases. 

I  would  like  to  point  out  that  when  you  agree  to  this  proposition 
of  putting  venereal  disease  control  on  the  same  basis  as  the  control 
of  other  communicable  diseases,  more  attention  must  be  paid  to  the 
sources  of  infection.  When  you  find  a  case  of  smallpox,  whether  it 
be  in  a  house  of  prostitution,  in  a  restaurant,  in  a  hotel,  or  in  the 
city,  you  institute  proper  measures  of  isolation  to  prevent  any  spread 
of  the  disease.  When  these  communicable  diseases,  gonorrhea  an<l 
syphilis,  are  handled  as  other  communicable  diseases  by  the  health 
office,  it  can  not  be  said  that  suppression  of  the  prostitution  is  a 
matter  to  be  handled  only  by  the  police  and  law-enforcement  agents. 
If  we  treat  syphilis  and  gonorrhea  like  we  treat  other  diseases,  the 
health  department  has  a  great  deal  to  do  with  the  suppression  of 
all  forms  of  prostitution.  This  does  not  mean  that  I  advocate  raids 
on  houses  by  the  health  department.  We  must,  however,  see  that 
the  proper  local  authorities  perform  their  duty  in  regard  to  de- 
stroying foci  from  which  venereal  infections  spread.  Health  de- 
partments must  assume  certain  responsibilties  in  connection  with 
eliminating  vice  conditions  in  the  community  if  we  are  going  to 
treat  gonorrhea  and  syphilis  like  other  diseases. 

All  of  us  agreed  that  the  educational  program  carried  on  for  the 
past  four  years  is  a  necessary  part  of  venereal  disease  control  work. 
In  fact,  at  all  recent  public-healtli  meetings  it  has  been  emphasized 
that  public  health  is  a  matter  of  education,  and  that  a  well-informed 
public  can  avoid  not  only  venereal  tliseases  but  all  other  communicable 
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We  therefore  believe  tl>at  an  energetic  educational  cam- 
paign should  be  continued,  but  we  do  feel  that  the  time  has  come 
when  we  can  specialize  in  educational  activities  in  relation  to  venereal 
disease  more  than  we  have  in  the  past. 

I  have  here  some  charts  which  I  will  show  in  a  few  minutes  which 
will  illustrate  this  idea  of  specialization  in  educational  material  for 
whidi  we  must  devise  certain  methods  to  reach  certain  groups  and 
htve  our  educational  material  applicable  to  that  group.  Such  a  plan 
afaoold  increase  the  percentage  of  efficiency  and  reduce  the  loss  of 
time  and  material  that  has  undoubtedly  occurred  in  some  of  the 
educational  work  carried  on  during  the  past  four  years. 

In  considering  educational  work  for  venereal  disease  control  we 
fiiioiild  consider  the  relation  of  the  educational  system  of  the  State 
to  the  health  department  in  connection  with  an  educational  program 
among  school  diildren.  A  plan  should  be  worked  out  by  each  State 
80  that  the  various  State  educational  departments  will  gradually 
make  provision  for  meeting  their  responsibility  in  connection  with 
timining  children  of  school  age.  The  State  board  of  health  should 
cooperate  in  this  plan  with  the  educational  authorities  but  should 
make  it  clear  that  ultimately  each  school  system  should  meet  its  re- 
sponsibility in  connection  with  furnishing  exhibit  material  and  other 
facilities  for  a  program  of  health  education  in  the  schools. 

In  connection  with  educational  work  I  would  like  to  refer  briefly 
to  the  institutes  and  conferences  of  laywomen  that  we  have  had  dur- 
ing the  past  year.  Sixteen  of  the  State  boards  of  health  have  co- 
fipomted  with  the  Public  Health  Service  in  conducting  these  public- 
health  institutes.  Only  two  of  the  institutes  were  specifically  con- 
fined to  venereal  diseases;  the  others  were  on  general  public-health 
subjects.  At  these  16  institutes  there  were  registered  1,718  physicians, 
l^  nurses  and  social  workers,  238  students,  107  teachers  and  clergy- 
men, 69  sanitary  engineers,  46  judges  and  court  officials,  or  an  aver- 
ige  registration  of  391,  the  total  registration  being  6,254.  The  total 
immber  of  clinics  was  135,  with  a  total  attendance  of  3^205. 

We  have  reached  very  large  audiences  through  these  institutes 
which  were  attended  not  only  by  local  people  but  by  many  who 
tnyeled  considerable  distances  at  their  own  expense.  The  registra- 
tion at  each  institute  is  shown  in  the  following  table : 

New  Orleniifii  La 105 

Cotmabla.  S.  C 418 

D»na«,  Tex 285 

Knninjfhaiu.  Ala 252 

MmphU.  Tenn 299 

I^lsTfll^.  Ky 365 

I^Jhaapolij*.  Ind 822 

«tt*ttrgh.  Pa 264 

•^kMo,  lU 1,001 


Minneapolis.  Minn 142 

Portland,  Orep 180 

Kansas  City,  Kans 478 

Spokane,  Wash 140 

Newark,  N.  J 589 

Albany,  N.  Y 137 

Hartford.  Conn 777 


Total 6,254 
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In  connection  with  several  of  ^ese  institutes,  and  in  one  or  two 
instances  as  a  separate  event,  there  have  been  social  hygiene  con- 
ferences for  lay  women.  The  first  of  these  conferences  was  held 
here  in  Washington  last  October,  and  was  attended  by  250  women. 
The  next  was  held  in  St.  Louis,  Mo.,  in  December  last,  and  was 
attended  by  400  women.  These  two  conferences  were  not  held  in 
connection  with  institutes.  The  following  conferences  were  held 
concurrently  with  the  institute  at  the  respective  cities : 


Columbia,  S.  C 250 

Birmingham,  Ala 200 

Memphis,  Tenn 150 

Louisville.  Ky 270 


Indianapolis,  Ind 275 

Pittsburgh.   Pa 280 

Kansas  City.  Kans 150 

Newark,  N.  J 500 


The  last  institute  was  held  in  Newark,  N.  J.,  on  April  19  and  20, 
and  was  attended  by  women  who  came  from  all  over  the  State,  and 
they  came  to  this  conference  for  the  purpose  of  learning  something 
in  regard  to  social  hygiene  or  venereal-disease  control  work. 

Doctor  Chesley  pointed  out  to  you  yesterday  that  these  women 
represent  powerful  organizations  of  a  tremendous  membership,  and 
that  they  have  shown  an  interest  in  this  phase  of  public  health  work 
and  have  been  a  great  help  to  various  State  boards  of  health.  I  cor- 
dially recommend  that  interest  of  these  women  be  taken  into  con- 
sideration by  each  State  department  of  health  and  that  their  aid  be 
secured  for  extending  the  entire  State  program. 

We  had  hoped  to  have  Dr.  Joseph  S.  Lawrence,  director  of  the 
venereal-disease  work  in  New  York  State,  follow  these  remarks  of 
mine  by  a  brief  presentation  of  the  work  in  New  York  State.  Un- 
fortunately, however,  Doctor  Lawrence  had  to  leave  this  morning, 
and  is  unable  to  participate  in  the  program.  He  did,  however,  leave 
the  charts  which  he  intended  to  use  in  his  address,  and  I  am  going  to 
place  these  charts  here  so  that  anyone  interested  may  examine  them. 
You  will  find  a  chart  which  illustrates  the  idea  of  specializing  in 
educational  material,  to  which  I  referred  a  few  minutes  ago. 

(As  cuts  of  these  charts  are  not  to  be  printed,  the  last  of  Doctor 
Pierce's  remarks  will  be  eliminated,  as  he  spoke  entirely  in  reference 
to  the  New  York  State  charts.) 

Doctor  CuMMixG.  We  will  now  hear  from  you.  Doctor  Snow. 

Doctor  Snow.  I  think  it  is  a  valuable  report.  It  gives  us  a  vision 
of  what  should  be  done  in  the  future.  I  think  that  all  the  points 
which  have  been  made  are  extremely  practical,  judging  from  what 
I  hear  of  the  people's  viewpoint  as  I  go  about  the  country.  We 
should  do  what  can  be  done  now  to  impress  Congress  with  the  im- 
portance of  not  cutting  off  the  protective  work  which  the  board  rec- 
ommended. I  understand  the  Department  of  Justice  is  ready  to 
carry  on  this  work  if  it  is  the  will  of  the  people  that  it  should  go 
forward.    We  can  show  that  this  is  just  a  flying  squadron  of  specially 


TKAN8P0BTATI0K  OF  LEPERS.  87 

trained  persons  to  gather  accurate  information  in  communities  whero 
there  are  troops,  and  to  stimulate  throughout  the  country  similar  local 
agencies  for  gathering  information  which  given  to  the  proper  civil 
authorities  induce  them  to  act.  This  activity  serves  as  a  constant 
demonstration  of  what  can  be  done  not  only  in  communities  near 
military  and  naval  posts  but  everywhere. 

I  hope  the  efforts  of  the  interdepartmental  board  to  have  this  work 
continued  will  be  warmly  supported  by  all  of  the  health  officers, 
because  they  are  in  a  position  to  prevent  confusion  over  the  issue. 

Doctor  Stiles.  It  might  be  interesting  for  the  health  officers  to 
know  that  they  have  a  new  convert  to  the  venereal-disease  campaign. 
A  few»weeks  ago  I  had  the  pleasure  of  spending  several  days  in  a 
city  of  about  36,000  inhabitants.  From  information  which  I  con- 
sider trustworthy,  the  Ku-Klux  Klan  in  that  city  numbered  1,200 
out  of  36,000,  and  this  same  Ku-Klux  Klan  has  taken  up  the  vene- 
real disease  as  part  of  its  regular  program.  I  did  not  know  the 
Ku-Klux  Klan  had  become  interested  in  public  health  matters,  but 
it  seems  to  be  a  fact  that  in  this  city  they  have. 

Doctor  ScHERESciiEi^'SKY.  There  is  another  topic  which  we  might 
fini^  up.  Tt  has  come  into  considerable  prominence;  and  that  is, 
the  transportation  of  lepers.  Doctor  Kelley  was  tb  handle  that. 
I  will  ask  Doctor  Chesley  to  say  a  few  words. 

TRANSPORTA'HON  OF  LBPBRS. 

Doctor  Cheslet.  We  are  all  very  much  encouraged  iii  relation  tb 
the  problem  of  leprosy  in  the  United  States.  When  Congi^ss  matde 
an  appropriation  enabling  the  Surgeon  General  to  take  over  the 
institution  at  Carville,  La.,  and  provide  for  medical  treatment  which 
promises  arrest  or  cure  in  many  cases — also  to  provide  for  trans- 
portation of  cases  to  the  sanatorium — they  did  a  good  thing.  Serv- 
eral  cases  have  been  sent  there  from  Minnesota.  Others  are  willing 
and  anxious  to  go,  but  are  obliged  to  wait  because  of  the  lack  of 
accommodation.  Doubtless  every  State  has  a  Ibprosy  problem.  The 
health  officer  may  not  know  about  all  the  cases,  but  as  soon  as  the 
people  concerned  learn  that  there  is  a  place  to  which  patients  may 
be  sent  without  cost,  where  they  will  receive  the  very  best  treatment 
that  is  known  under  very  comfortable  and  agreeable  circumstances, 
both  patients  and  their  families  will  be  equally  desirous  of  taking 
advantage  of  it,  and  will  let'  the  health  officer  Imow  where  the  cases 
aw.  Then  without  publicity  the  patients  may  be  sent  and  treated 
if  accommodations  are  provided  at  the  sanatorium,  and  the  leprosy 
problem  will  be  solved.  While  leprosy  here  is  a  minor  proposition, 
it  is  of  great  interest  to  the  public,  and;  owing  to  the  great  injustice 
^hich  may  be  done  to  the  individual  through  Ifick  of  treatment  and 
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through  actual  persecution,  it  deserves  consideration  out  of  propor< 
tion  to  its  real  importance  as  a  public-health  problem. 

Doctor  ScHERESCHEWSKY.  Is  there  any  d^cussion? 

Doctor  McCoRMACK.  I  would  ask  why  it  is  not  advisable  to  trans- 
fer the  lepers  to  the  leper  sanatorium  on  ordinary  trains  and  in  an 
ordinary  way.  I  do  not  believe  it  is  necessary  to  unduly  alarm 
people  about  the  transference  of  these  cases,  and  I  think  when  a 
leprosy  diagnosis  is  made  they  should  be  sent  there  with  a  nurse 
or  somebody  to  go  along  and  see  that  the  ordinary  precautions  are 
taken.  They  should  be  sent  immediately  without  any  publicity; 
they  have  been  traveling  in  this  country  for  the  last  hundred  years 
and  have  not  increased  the  leprosy  except  by  an  importation,  and  I 
think  we  will  decrease  it  by  sending  them  to  the  leprosarium  rapidly. 
It  is  an  additional  expense  to  send  them  in  a  private  car,  and  I 
believe  it  gives  the  wrong  idea  anyhow. 

A  Membek.  Has  there  been  any  recent  ruling  with  regard  to  inter- 
state transportation. 

Doctor  ScHERESCHEWSKY.  The  most  I'ecent  statement  in  regard  to 
that  is  contained  in  the  revised  interstate  quarantine  amendment. 
There  has  been  no  modification  made  in  the  amendment.  In  tlie 
case  of  a  disease  like  leprosy  you  are  dealing  with  a  prejudice  of  the 
public.  It  will  take  some  years  to  remove  that  fixed  inipresison  of 
the  public. 

What  Doctor  McCormack  advocates  would  be  eminently  desirable 
but  would  require  education  on  the  part  of  the  public  before  they 
would  consent  to  let  you  give  ordinary  transportation  to  a  leper. 
Now  they  usually  have  a  car  to  themselves.  We  try  to  get  a  (ourist 
car  and  give  them  the  whole  car,  and  after  that  the  popular  prejudice 
is  that  the  car  company  will  have  to  renovate  it.  That  is  nonsensical, 
but  that  is  a  fact.    They  might  as  well  scrap  that  car. 

Doctor  McCormack.  I  think  that  is  absolutely  absurd;,  the  thing 
to  do  is  to  buy  the  fellow  a  ticket  and  send  him  down  there,  not 
saying  anything  about  it.  I  think  he  ought  to  be  shipped,  and  I 
think  we  ought  to  do  it.  I  think  we  are  rather  excited  and  keep  it 
going  on,  and  I  believe  we  ought  to  be  spending  the  money  that  we 
spend  for  a  private  car  for  sensible  things. 

I  think  that  statements  should  be  given  out  through  the  radio 
system  so  the  people  will  understand  that  leprosy  transported  is  as 
little  dangerous  as  any  other  disease.  We  should  ship  him  like  he 
has  been  traveling  all  the  time. 

We  are  finding  some  cases  because  we  are  really  going  after  it, 
I  would  rather  spend  the  money  for  buying  those  fellows  something 
to  eat  instead  of  paying  for  tourist  cars. 

Doctor  Welch.  There  has  not  been  a  year  in  the  last  four  or  five 
years  in  which  there  has  not  been  on  the  Gulf  of  Mexico  an  imported 
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case  of  yellow  fever.  The  health  officers  in  whose  jurisdiction  that 
vellow  fever  occurred  has  notified  all  the  State  health  officers  im- 
mediately  contiguous  to  him.  In  my  case,  when  the  notice  came,  I 
notified  my  governor  that  there  was  a  case  of  yellow  fever  in  a 
neighboring  State,  and  that  was  the  end  of  it.  I  have  always  told 
the  newq[)aper  reporters  of  the  city  of  Montgomery  and  requested 
them  not  to  put  it  in  the  papers,  as  there  was  no  danger.  I  promised 
d  there  was  any  danger  we  would  notify  the  public. 

The  last  case  which  appeared  on  the  Gulf  coast  died.  The  body 
was  shipped  to  relatives  in  California. 

I  think  we  should  teach  the  general  public  that  there  is  no  special 
raoae  for  alarm  in  the  transportation  of  lepers.  I  think  we  should 
teach  them  that  there  is  no  reason  why  those  who  are  not  lepers 
dumld  be  robbed  of  their  good  money  to  satisfy  an  unreasonable  and 
unreasoning  fear  on  the  part  of  hysterical  people. 

Doctor  Stil«8.  The  present  prejudice  against  leprosy  is  unques- 
tionably due  to  the  attitude  of  the  Bible  on  leprosy.  We  are  out 
t»f  sympathy  with  that  attitude,  but  we  have  to  face  the  fact  that 
ihe  churches  of  the  country  have  been  preaching  the  terrible  effect 
of  leprosy  from  the  year  1  down  to  the  present  time. 

If  the  health  authorities  overcome  that  influence  we  are  going  to 
waste  a  lot  of  time.  It  is  a  good  deal  easier  to  do*it  in  another  way. 
Let  08  recall  that  a  car  carrying  a  case  bt  leprosy  might  be  inter- 
pretrf  as  a  life-saving  device  and  might  have  free  passage.  It  would 
1«  a  simple  matter  to  have  a  car,  such  as  a  laboratory  cnr,  as  a  life- 
ming  device  transport  patients  under  the  provision  of  the  inter- 
state law  which  gives  to  a  life-saving  device  free  transportation. 
That  is  a  [xissible  way  out  of  it  if  it  is  a  question  of  money,  but  as 
far  as  going  against  the  present  prejudice  of  the  country,  due  un- 
loubtedly  to  the  pulpit  and  the  Bible  respecting  leprosy,  we  are 
going  to  take  hold  of  a  great  big  piece  of  cake  that  we  can't  bite  off. 

uodor  MoCoRMACK.  I  believe  every  word  the  Bible  says  about  it, 
literally  and  absolutely.  I  have  as  much  prejudice  in  favor  of  the 
Bible  as  any  man.  All  the  same,  I  do  not  believe,  in  these  United 
"States  of  America,  that  the  interpretation  of  the  laws  laid  down 
hiLdling  leprosy  in  Palestine  applies  to  modern  conditions;  and  if 
^^  had  unlimited  fimds  it  would  still  be  wrong  for  us  to  waste  a 
•l^llar  in  any  such  foolish  proposition  as  paying  for  transportation 
♦^f  lepers  in  a  private  ear.  I  think  it  is  a  matter  of  principle  that 
^«  ought  not  to  be  guilty  of  the  thing,  and  I  do  not  believe  that  the 
"hurchcs  and  the  pulpits  would  hesitate  to  a^ee  to  that.  If  we 
tw^i^t  the  lepers  tickets  and  sent  them,  nobody  would  ever  know  it. 

Doctor  FutTON.  I  do  not' think  the  railroad  company  is  entitled  to 
wrtification  of  the  moving  of  a  leper.  The  way  to  move  him  is  to 
nove  him.    He  will  go  through  all  right.    Nobody  will  find  it  out. 
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The  leper  should  not  go  unattended,  but  passengers  do  not  have  to 
know  all  about  it 

Doctor  LuMSDEN.  Positive  statements  in  regard  to  tlxe  degree  of 
danger  from  association  with  lepers  might  be  encouraging  if  we 
could  be  sure  they  were  true.  We  do  not  know  how  the  infection 
is  spread.  We  do  not  know  the  period  of  incubation.  So  far  as 
we  know,  years  may  elapse  between  the  time  of  infection  and  the 
time  of  manifestation  of  the  disease  in  some  cases.  In  view  of  our 
state  of  ignorance  about  leprosy,  I  think  that  we  as  health  officers 
would  be  subject  to  criticism  if  we  advocated  and  put  into  practice 
the  surreptitious  transportation  of  lepers  by  common  carriers.  1 
doubt  that  any  one  of  us  here  this  morning  would  be  willing  to 
sleep  under  the  same  blankets  that  we  knew  a  person  with  well  de- 
veloped leprosy  had  slept  under  the  night  before.    I  would  not. 

I  think  a  thorough  epidemiological  study  should  be  made  of  leprosy 
in  the  United  States.  We  are  finding  more  and  more  cases  since 
the  national  leprosarium  was  established.  They  are  coming  to  light. 
The  disease  appears  to  be  spreading  slowly  but  surely  in  some  sec- 
tions of  this  country.  Recently,  while  on  a  visit  to  one  of  our  small 
cities  on  the  Gulf  of  Mexico,  I  had  my  attention  called  by  the  local 
health  officer  to  a  case  of  leprosy  in  a  man  who  was  living  iji  a 
thickly  built-up  section.  A  number  of  men,  women,  and  children 
were  closely  associated  with  that  leper.  Arrangera^its.  were- made 
for  the  transportation  of  the  man  to  the  national  leprosarium. 
vVithin  the  two  weeks  following,  the  local  health  officer  disco verr<l 
three  other  cases  in  that  city.  Two  of  the  caaes  were  in  brothers 
who  were  attendiijg  a  high  school.  Their  father  ran  a  restaurant 
and  the  boys  worked  in  the  restaurant  from  time  to  time.  I  think 
we  should  learn  more  about  leprosy  than  we  yet  know  before  we 
sanction  or  advocate  the  transportation  of  lepers  without  reasonably 
rigid  sanitary  precautions. 

Doctor  ScHEREScHEWSKY.    The  hour  is  now  verv  late,  and    we 

» 

want  to  get  through.    It  seems  that  a  motion  to  adjourn  would  W 
in  order. 

A  Member.    I  move  that  we  adjourn  until  2.15. 

(A  recess  was  taken  until  2.15  o'clock  of  the  same  day.) 

AFTERNOON  SESSION,  MAY  18,  1922. 

Doctor  ScirERESCHEWsKY.  The  meeting  will  be  in  order,  pleasq 
We  still  have  one  subject  from  the  morning  program  before  wi 
pass  to  the  general  subject  of  child  hygiene,  and  I  think  we  should 
have  a  short  discussion,  and  that  is  the  question  of  uniform  parolJ 
system.  1 

Doctor  Trotter  has  had  a  good  deal  of  experience  in  that,  and  I 
think  it  would  be  proper  for  him  to  say  a  few  words  l>efore  we  gj 
on  to  the  subject  of  child  hygiene. 
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Doctor  Tkotteh.  In  order  that  you  may  understand  the  parole 
system  in  force  in  Hawaii  a  statement  of  the  arrangement  between 
the  United  States  Public  Health  Service  and  the  Territorial  board 
of  health  is  necessary. 

Kalihi  Hospital  is  operated  and  maintained  by  tlie  Territorial 
Iniard  of  health,  while  the  medical  attendance  is  furnished  bv  officers 
of  the  United  States  Public  Health  Service.  In  order  to  have  free 
access  to  the  clinical  material  available  for  research  work  an  agree- 
ment was  made  by  the  United  States  Public  Health  Service  and  the 
Territorial  l)oard  of  health  whereby  the  latter  furnished  suitable 
imihlings  for  laboratory  work  and  other  purposes  for  the  Public 
Health  Bureau  and  allowed  them  the  use  of  the  hospital  and  all 
patients  for  research  work  on  leprosy. 

In  other  words  the  medical  service  is  furnished  by  the  United 
States  Public  Health  Service  while  the  administration  and  opera- 
tion of  the  hospital  is  under  a  superintendent  appointed  by  the 
board  of  health.  This  arrangement  has  been  in  eflfect  for  some 
years  and  has  been  satisfactory  to  all  concerned. 

The  paroling  of  patients  being  a  purely  administrative  measure, 

is  under  the  authority  of  the  board  of  health,  though  it  is  necessary 

for  the  Public  Health  Service  officer  in  charge  of  the  medical  work 

to  inform  the  board  of  health  when  any  patients  are  considered  fit 

for  parole.     There  is  no  prescribed  rule  as  to  the  length  of  time  a 

patient  must  be  held  in  the  hospital  before  he  is  eligible  for  parole. 

The  progress  of  the  case  must  be  such  that  the  medical  officer  deems 

the  patient  able  to  return  to  his  home  without  becoming  a  menace 

to  the  public.     Under  such  conditions  the  medical  officer  reports  to 

the  board  of  health  that  such  patients  are  fit  subjects  for  parole. 

The  president  of  the  board  of  health  then  appoints  a  board  of 

three  physicians,  who  examine  tlie  patients,  clinically  (and  bacterio- 

logically  if  desired),  and  also  their  records  while  in  the  hospital. 

If  a  majority  of  the  board  find  that,  in  their  opinion,  the  patient 
can  be  paroled  without  being  a  menace  to  the  public,  they  recommend 

that  he  be  paroled,  subject  to  certain  conditions.    The  board  of  health 

at  a  regular  meeting  receives  these  recommendations  of  the  parole 

board  and  puts  into  effect  the  recommendation  of  the  board. 

The  conditions  of  the  paroles  are  varied  according  to  the  conditions 

tpplicable  to  each  case.     All  paroled  patients  are  required  to  report 

to  the  hospital  or  to  some  representative  of  the  board  of  health  at 

intervals  for  observation.     Many  cases  are  requiied  to  report  weekly, 

others  monthly,  some  quarterly,  and  a  few  semiannually.     After  a 

period  of  a  year  or  more  the  reporting  period  may  be  lengthened  by 

the  board  of  health  in  its  discretion.     After  a  period  of  years,  usually 

four  years  or  upward,  if  the  patient  has  shown  no  evidence  of  active 

leprosy,  application  may  be  made  to  the  board  of  health  for  a  release 


92       TRANSACTIONS  OF  THE  TWENTIETH  ANNUAL  CJONFEBENCE. 

from  parole.  A  board  of  three  physicians  is  appointed  to  reexamine 
the  patient;  and  if  found  free  of  evidence  of  active  disease,  release 
is  recommended  and  later  granted  by  the  board  of  health. 

The  board  of  health  havS  come  in  for  some  criticism  for  parolinc 
patients  from  Kalihi  Hospital  under  the  procedure  as  outlined  above, 
as  there  have  been  a  certain  number  of  recurrences  of  the  disease, 
with  the  result  that  some  parolers  have  been  readmitted  to  Kalihi 
Hospital,  but  in  my  opinion  the  paroling  of  these  patients  at  tliis  time 
was  one  of  the  best  actions  that  the  board  of  health  has  ever  takeu. 
This  is  because  of  the  fact  that  the  paroled  patients  returned  to  their 
homes  on  the  various  islands  and  were  an  object  lesson  to  otlier  person*^ 
residing  in  the  district. 

By  reason  of  the  paroling  of  such  a  number  the  board  of  health  has 
gained  the  confidence  of  the  people,  and  we  are  having  patients  come 
voluntarily  and  surrender  themselves,  and  particularly  so  are  parents 
sending  in  their  children  in  the  early  stages  of  the  disease,  wliich  i> 
something  that  has  never  happened  in  the  history  of  leprosy  in 
Hawaii.  We  feel  that  having  these  children  come  in  the  early  stage-- 
is  most  encouraging,  for  we  believe  that  with  the  treatment  now  in 
use  the  disease  can  be  arrested  in  them,  and  they  can  later  return  to 
their  homes. 

The  Kalihi  Hospital  receiving  station  is  on  the  outskirts  of  Hono- 
lulu, 10  minutes'  automobile  ride  from  the  city.  To-day  we  have,  I 
think,  185  patients  in  this  hospital.  We  have  not  made  any  transfers 
to  Molokai  since  1919.  There  is  a  4-foot  iron  fence  in  front  of  it. 
and  two  employees  guard  it  during  the  night  to  keep  the  buihliiigs 
from  burning  down,  but  not  to  keep  the  patients  in.  That  station  i> 
under  a  dual  control.  The  attending  physician  is  Doctor  Hasseltine. 
He  has  charge  of  the  medical  work  in  connection  with  the  station, 
while  the  routine  administration  is  carried  on  by  a  most  exceptional 
Hawaiian  woman  superintendent.  She  has  been  there  for  a  little 
over  three  years,  and  in  all  that  time  the  boapd  of  health  has  never 
received  a  complaint  in  connection  with  the  institution,  which  I  think 
is,  considering  the  number  of  patients  we  have,  a  remarkable  record. 

So  far  as  the  medical  treatment  of  the  patients  goes  in  the  institu- 
tion we  leave  that  solely  to  the  attending  physician.  We  make  no 
change  at  all  in  the  treatment  or  any  routine  administration,  except 
with  his  consent.  It  has  worked  out  most  satisfactorily,  and  we  are 
grateful,  indeed,  to  have  a  doctor  of  the  ability,  and  one  who  has 
shown  himself  to  take  such  an  interest  in  the  work,  as  has  Doctor 
Hasseltine,  of  the  United  States  Public  Health  Service. 

Doctor  ScHERESCHEwsKY.  Is  there  any  discussion  on  the  subject? 

Doctor  Garrison.  I  just  want  to  get  a  little  information.  Some 
two  or  three  weeks  ago  there  was  a  case  of  a  leper  who  came  to 
Little  Rock — a  lady  from  a  well-to-do  family  from  Kansas  City. 
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According  to  the  history  submitted  to  me,  she  had  never  been  outside 
of  the  United  States,  had  never  been  exposed  to  leprosy,  and,  ac- 
cording to  a  very  good  bacteriologist,  the  clinical  diagnosis  was  con- 
firmed. We  inmiediately  forwarded  the  blanks  to  the  Surgeon  Gen- 
eral and  requested  the  necessary  transportation,  etc.,  and  asked  for 
fnrther  instructions.  I  had  not  received  any  reply  when  I  left 
home.  The  woman  will  abide  by  the  regulations  and  go  to  ft  lepro- 
sarinm.  She  prefers  to  be  taken  away  in  some  other  way  if  pos- 
sible. As  a  matter  of  information,  I  would  like  to  be  informed  what 
is  the  laboratory  finding  or  clinical  finding  to  warrant  the  control  of 
a  leper. 

Doctor  ScHERESCHEWSKY.  Doctor  McCoy,  will  you  answer  that 
question,  on  what  would  be  the  basis  of  allowing  parole  to  a  leper — 
the  clinical  and  laboratory  basis? 

Doctor  McCoy.  The  risk  to  the  community  depends  largely  on  the 
geographical  location.  In  Little  Rock,  or  in  the  South  generally, 
any  case  which  is  bacteriologically  positive  ought  to  be  isolated. 
It  is  desirable,  but  not  necessary,  to  isolate  in  an  institution.  Home 
isolation  can  be  practiced  with  extremely  small  risk  to  the  com- 
munity. 

The  fact  that  the  woman  in  question  never  was  out  of  the  United 
States  does  not  have  any  particular  bearing,  since  our  Gulf  coast  is 
a  recognized  focus  for  the  transmission  of  leprosy.  In  Florida  and 
Louisiana  practically  all  lepers  are  of  local  origin ;  in  the  North  the 
reverse  is  true — that  is,  practically  all  are  imported  cases.  One  can 
unearth  perhaps  50  cases  of  leprosy  in  New  York  at  any  time,  but 
all  these  come  from  foreign  countries  or  from  the  'iSouth.  There  is 
Do  appreciable  risk  of  the  transmission  of  the  disease  in  a  northern 
community. 

This  all  has  a  bearing  on  the  subject  of  uniform  control.  I  doubt 
whether  it  would  be  wise  to  have  a  uniform  system  for  the  whole  of 
the  United  States  when  the  opportunities  for  communication  of  the 
disease  differ  in  different  parts  of  the  country. 

Furthermore,  there  are  two  clinical  types  of  leprosy,  one  of  which 
is  practically  free  from  risk  of  transmission.  This  is  the  anaesthetic 
or  nerve  type  of  the  disease,  and  such  cases  are  not  a  source  of  danger. 

I  want  to  conclude  by  adding  my  tribute  to  that  of  Doctor  Trotter 
to  the  handling  of  leprosy  in  the  Territory  of  Hawaii.  I  know  of 
no  community  that  has  worked  out  a  better  program  for  the  handling 
of  leprosy  than  that  little  conamunity  iu  the  middle  of  the  Pacific 
Ocean. 

Doctor  Garrison.  Would  it  be  feasible  for  the  service  to  detail  a 
man  down  there  and  advise  whether  it  is  better  to  let  her  stay  home  ? 

Doctor  ScHBRBSCHBWSKY.  It  might  be  done,  but  I  would  have  to 
take  the  matter  up.    Doctor  McCoy  might  go  down  there.    In  the  ab- 
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sence  of  the  Surgeon  General  I  can  not  make  a  promise,  but  we  will 
give  the  matter  consideration. 

Doctor  Crumbine.  I  will  ask  a  question  not  appropriate  to  the  mat- 
ter under  discussion,  a  question  which  has  occurred  to  me  a  great 
many  times,  and  I  have  never  had  an  answer :  Why  is  it  that  there 
are  two  places  in  the  United  States — Texas  is  one  point ;  I  think  the 
other  is  in  Charleston,  S.  C\ — where  absolutely  no  attention  is  paid 
to  leprosy  cases.  They  have  perfect  liberty.  I  do  not  know  that  it 
makes  any  difference  what  the  type  is.  I  assume  there  are  both  types 
There  is  nothing  done.  There  are  30  at  Galveston  that  have  liberty, 
and  nothing  has  ever  been  done  about  it.  I  do  not  know  how  that  if 
and  why  it  is. 

Doctor  Schereschewsky.  It  is  certainly  the  province  of  the  State 
health  authorities  to  take  such  precautions  as  are  necessary  for  the 
protection  of  the  people  in  the  State.  If  these  lepers  attempt  to  cross 
the  interstate  boundaries,  then  they  become  proper  subjects  for  Fed- 
eral action,  and  under  proper  information  steps  could  be  taken  to 
limit  the  activity.  The  trouble  is  that  many  lepers  are  unknown,  and 
pass  in  the  channels  of  interstate  commerce  witliout  anybody  know- 
ing anything  about  it.  I  believe  the  establishment  of  the  national 
leprosarium  and  the  appropriate  enlargement  to  take  care  of  the 
leprosy  cases  helps  wonderfully.  Improvements  which  are  pending 
in  the  treatment  of  leprosy,  and  epidemiological  studies,  such  as  Doc- 
tor Lumsden  suggested  to  us  this  morning,  will  pave  the  way  for  a 
control  of  the  situation,  but  the  Chair  is  in  accord  with  the  health 
officers  from  Kansas  and  Iowa,  that  there  is  no  reason  why  they 
should  be  free  and  unsegregated  in  the  points  referred  to,  and  it 
ought  not  to  be. 

Doctor  Chesley.  I  was  requested  to  start  the  discussion,  because 
I  handed  the  Surgeon  General  a  telegram,  which  was  that  we  picked 
up  another  leper  in  Minnesota,  who  was  a  citizen  of  the  Soviet  Re- 
public, and  who  desires  to  return.  Personally,  I  am  perfectly  will- 
ing that  it  be  done.  I  do  not  see  why  in  these  cases  where  you  have 
difficulty  you  can  not  put  your  patient  into  a  plane  and  fly  him  to  the 
point  where  he  desires  to  go.  No  interstate  law  can  prevent  us  getting 
there.    I  think  it  is  a  simple  thing. 

Doctor  ScHEREscHBwaH.Y.  That  is  a  good  suggestion. 

The  next  subject  is  child  hygiene,  and  I  will  ask  Doctor  Clark  to 
open  the  discussion  on  that  by  giving  us  a  short  resumS. 

CHILD  HYGIENE. 

Doctor  Clark.  When  I  outlined  for  you  the  activities  of  the  child- 
hygiene  section  last  year,  a  good  deal  of  our  work  was  in  the  forma- 
tive stage.  Now,  some  of  the  results  of  the  work  we  were  then  doing 
have  become  apparent. 
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With  regard  to  the  scope  of  the  work,  1  think  the  proposed  slogan 
for  healtli  officers,  ^'  Investigate,  demonstrate,  and  educate,''  applies 
particularly  to  the  work  of  the  service  in  child  hygiene,  with  em- 
l^hasis  on  ''  investigate  "  and  '^  educate." 

Owing  to  the  terms  imder  which  appropriations  become  available 
for  child-health  work,  our  activities  are  largely  confined  to  investi- 
^tion.  However,  it  is  impossible  at  times  to  conduct  an  investiga- 
tion and  not  at  the  same  time  demonstrate,  or  demonstrate  without 
educating.  It  is  a  very  important  form  of  education — demon- 
stration. 

Morbidity  reporting  by  the  school  inediail  service^  nursesy  or 
^  ear  hers. — In  line  with  the  discussion  regarding  the  establishment 
of  a  morbidity  registration  area,  it  may  be  of  interest  to  note  that 
we  are  attempting  to  determine  the  value  of  morbidity  reporting  by 
the  school  authorities,  as  compared  with  reporting  in  other  manner. 
We  use  for  this  purpose  the  special  school  record  card  adopted  by 
the  service  which  provides  for  a  record  of  absences  from  school  on 
account  of  sickness  to  be  kept  by  the  teacher  or  by  the  school  nurse. 
The  value  of  this  method  of  reporting  will  depend  very  largely  on 
the  thoroughness  of  the  cooperation  of  the  school  authorities  with 
respect  to  recording  absences  and  regular  and  prompt  reporting  to 
the  health  officer. 

Aside  from  the  value  of  this  form  of  cooperative  work  in  keeping 
the  health  officer  advised  of  the  prevalence  of  particular  types  of 
morbidity  in  the  community,  it  is  also  possible  by  this  method  to 
estimate  in  terms  of  dollars  and  cents  the  loss  to  a  community  from 
the  inability  of  children  to  attend  school  because  of  preventable 
sickness.  We  have  recently  compiled  material  of  this  character  re- 
lating to  6,130  children  in  13  Missouri  localities  which  shows  that 
of  a  total  of  666,449  possible  school  days'  attendance  5.6  per  cent  of 
these  days  were  lost  through  sickness.  In  other  \^ords,  at  a  per 
capita  cost  for  schooling  of  $25  for  each  child,  something  like  $2,500 
was  spent  in  these  Missouri  districts  to  no  purpose.  It  is  true  this 
money  is  spent  whether  these  children  attend  school  or  not,  but  the 
point  remains  that  a  number  of  children  do  not  derive  the  maximum 
benefit  from  the  educational  opportunity  thus  provided  because  of 
preventable  sickness. 

The  educational  value  of  the  economic  data  obtained  in  this  man- 
ner is  very  great.  The  health  officer  will  be  in  possession  of  definite 
information  regarding  the  number  of  children  who  have  been  kept 
away  from  school  on  account  of  sickness  and  the  amount  of  money 
spent  in  a  given  locality  for  school  purposes  without  definite  result. 
He  will  thus  be  in  position  to  use  this  information  to  advantage  in 
securing  community  support  of  public  health  work. 
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As  indicated  by  an  analysis  of  the  material  collected  in  these 
Missouri  counties,  "Sickness  among  school  children,"  which  ap- 
peared in  the  weekly  Public  Health  Reports  of  June  8,  1921,  it  is 
possible  for  a  health  officer  to  keep  himself  informed  by  this  method 
not  only  of  the  percentages  of  the  different  types  of  sickness  pre- 
vailing in  a  community  at  a  given  time  but  also  with  regard  to  the 
seasonal  prevalence  of  special  diseases. 

Fuither  study  of  the  practical  application  of  this  manner  of  mor- 
bidity reporting  is  now  being  carried  on  in  a  more  scientific  manner 
as  a  part  of  the  child-hygiene  contribution  to  the  health  demonstra- 
tion work  which  is  now  being  made  in  Hagerstown,  Md.,  in  coopera- 
tion with  the  Maryland  State  board  of  health  and  other  agencies. 
Using  the  service  school  record  form,  teachers  are  keeping  a  verv 
close  track  of  absences  from  all  causes.  The  teacher's  reports  are 
carefully  checked,  followed  up  into  the  homes  by  special  investiga- 
tors, and  are  finally  referred  to  the  family  physician  for  confirma- 
tion of  the  diagnosis.  The  whole  study  is  under  very  careful  super- 
vision, and  when  completed  we  feel  that  we  shall  have  some  very 
definite  information  regarding  morbidity  in  this  particular  com- 
munity and  the  value  of  this  manner  of  obtaining  morbidity  ^epo^t^^. 
Personally  I  believe  that  if  we  can  secure  the  intelligent  and  heaily 
cooperation  of  educational  authorities  wonders  can  be  accomplished 
bv  this  method. 

The  efect  of  the  correction  of  physical  defects  on  growth  and  de- 
velopment.— At  the  time  of  the  last  conference  mention  was  made 
of  the  study  under  way  in  the  city  of  Baltimore  of  the  effect  of  phys- 
ical handicaps  on  the  growth  and  development  of  children.  Orig- 
inally 200  underweight  children,  suffering  from  two  or  more  physical 
defects,  attending  schools  located  in  the  more  congested  districts  of 
Baltimore,  were  selected  with  a  view  to  having  these  defects  cor- 
rected and  measuring  the  effect  thereof  by  comparing  the  results  of 
periodic  weighings  made  before  and  after  correction.  However, 
owing  to  a  number  of  causes,  but  146  children  were  under  observa- 
tion for  a  sufficient  length  of  time  for  accurate  statistical  purposes. 

The  correction  of  these  defects  was  made  possible  through  the 
hearty  cooperation  of  seven  Baltimore  hospitals.  These  children 
were  given  no  instruction  in  hygiene  and  given  no  special  attention 
while  under  observation,  other  than  securing  the  correction  of  the 
physical  defects.  The  reliability  of  the  results  is  strengthened  by 
the  fact  that  during  the  period  these  children  were  imder  observation 
many  of  the  parents  were  without  employment  because  of  the  very 
general  economic  depression. 

It  is  interesting  to  know  that  of  the  146  children  on  the  school 
register  in  June,  1921,  3  children  advanced  1^  years  in  school  work. 
134  were  promoted  to  usual  school  grade,  and  9  failed  of  promotion. 
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<}{  these  latter,  6  children  were  already  over  age  for  their  grade  in 
s^hooL  Of  these  146  children  on  whom  correction  was  made,  43  per 
«pnt  were  over  age  for  their  grade  and  had  repeated  from  one  to 
ff»ur  yean?  prior  to  the  time  the  correction  was  made. 

I  have  not  the  time  to  give  you  the  complete  analysis  of  the  results 
of  this  study. 

With  regard  to  the  rate  of  growth  of  the  adenoid  and  tonsil  cases, 

the  monthly  jiercentage  gain  in  weight  before  the  operation  of  the 

boys  from  7  to  10  years  of  age  was  0.4  per  cent  and  of  the  girls 
«^'  per  cent.    Following  the  operation  the  percentage  gain  for  the 

loys  was  1.8  per  cent  and  for  the  girls  2.5  per  cent. 

In  the  11  to  14  year  old  group  the  monthly  percentage  increase 
in  weight  for  the  boys  was  0.47  per  cent  before  operation  and 
'1(^  per  cent  after  the  operation,  while  for  the  girls  the  percentage 
increase  was  0.84  per  cent  before  the  operation  and  1.99  per  cent  after 
The  operation,  respectively. 

The  expected  increase  in  weight  of  children  comprising  the  first 
jmmp  is  0.72  i)er  cent  for  the  boys  and  0.79  per  cent  for  the  girls, 
mt\  in  the  second  group  0.83  per  cent  and  0.97  per  cent,  respectively. 

It  is  thus  seen  that,  as  measured  by  gain  in  weight,  the  correction 
"f  this  type  of  physical  defect,  although  unaccompanied  by  any 
other  measure  for  improving  the  child's  physical  condition,  is 
attended  by  a  very  substantial  improvement  as  measured  by  increase 
in  weight.  While  this  study,  by  reason  of  the  limited  number  of 
4iJ<lren  involved,  may  be  considered  in  the  light  of  a  preliminary 
iwiuiry,  the  results  warrant  an  extension  of  studies  of  this  character 
m  oHer  that  more  definite  information  may  be  had  Tegarding  the 
rffrt  of  the  corrections  of  certain  types  of  physical  defects  on  the 
fniwth  and  development  of  children. 

>pfcutl  fffudirs  in  nutrition, — In  connection  with  the  widespread 
nii<»rest  n<»w  manifested  in  problems  relating  to  the  nutrition  of 
•hiMren  and  the  more  or  less  general  acceptance  of  underweight  as 
J  DieaMiie  of  malnutrition,  I  wish  to  impress  upK)n  you  that  many 
fi'iors  are  conducive  to  underweight,  and  considered  alone  under- 
weight is  not  a  true  measure  of  malnutrition — that  this  condition 
i-*  only  a  symptom  and  not  a  distinct  pathological  entity.  For 
example,  it  i«  possible  to  fatten  an  infant  by  feeding  for  a  more 
or  less  prolonged  period  on  condensed  milk,  and  yet  fail  to  promote 
proper  skeletal  growth  or  increase  its  vital  stamina. 

We  have  but  recently  compiled  data  relating  to  the  estimation 
^i  the  state  of  nutrition  by  methods  other  than  the  weight-height 

n<lex.  These  studies  were  made  by  ofiicers  of  the  United  States 
MKc  Health  Service  in  the  case  of  9,973  school  children  and  show 
-•«»  very  interesting  results.  In  addition  to  weighing  and  measur- 
ing these  children  they  were  classified  on  inspection  as  of  "excel- 
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lent,"  ^  good,"  "  fair,"  or  "  poor  "  nutrition.  All  of  these  officers  were 
skilled  in  estimating  the  general  physical  condition  on  inspection 
by  reason  of  the  experience  and  training  gained  in  the  inspection 
of  thousands  of  immigrants  at  Ellis  Island. 

In  analyzing  and  comparing  the  results  of  these  observations  it 
was  found  that — 

1.  The  percentage  of  defective  nutrition  classified  according  t6 
clinical  evidence  other  than  weight  was  highest  at  8  years  of  age 
and  decreased  with  age.  This  observation  Imds  support  to  the  con- 
tention of  some  authorities  that  child  development  may  be  divided 
into  distinct  periods  approximately  as  follows:  The  plump,  chubby 
period,  extending  from  early  infancy  up  to  the  sixth  year:  the 
lean,  lanky  period,  covering  the  seventh  to  the  eleventh  year  of 
age;  and  finally  the  period  of  puberty,  <luring  which  indiviilual 
children  manifest  distinct  characteristics  that  will  persist  throucrh 
life. 

2.  The  children  classified  as  malnourished  from  clinical  evidence 
other  than  height  and  weight  are  shorter,  lighter,  and  have  a  lower 
weight-height  index. 

3.  Differences  in  height  are  much  less  significant  in  judging 
nutrition  than  differences  in  weight. 

4.  In  cc^nparing  percentage  distribution  of  two  groups  classified 
as  of  "good"  or  "poor"  nutrition,  according  to  clinical  evidence 
other  than  height  and  wei^t,  it  was  found  that  although  the  diil- 
dren  in  the  latter  group  weighed  less  than  those  in  the  former  group 
some  of  the  children  in  the  poor  group  weighed  more  than  some  of 
the  children  in  the  good  group.  It  is  reasonable  to  assume,  there- 
fore, that  weight  measurements  alone  are  not  sufficient  to  determine 
nutrition,  but  that  these  must  be  supplemented  by  medical  exami- 
nation. 

There  is  very  great  danger  that  large  numbers  of  inexperienced 
workers  will  be  misguided  by  their  enthusiasm  in  using  the  easily 
applied  and  arbitrary  imderweight  index  and  lose  sight  of  the  fact 
that  malnutrition  is  a  medical  problem. 

FoUoW'Up  work  in  the  schooh. — ^Thoee  of  us  who  have  been  en- 
gaged in  school  hygiene  work  are  conscious  of  the  need  of  some  more 
effective  means  whereby  better  results  may  be  obtained  from  the 
medical  inspection  of  school  children.  It  is  an  extremely  difficult 
matter  to  secure  the  cooperation  of  parents  for  the  correction  of 
hampering  physical  defects.  Notification  is  notoriously  ineffective. 
Follow-up  work  in  the  homes  by  the  school  nurse  is  expensive,  time 
consuming,  and  too  frequently  barren  of  results.  In  seeking  a  rem- 
edy the  Public  Health  Service  has  devised  a  health  score  form  for 
use  in  classrooms  designed  to  take  advantage  of  group  psychology 
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to  Stimulate  the  child  himself  to  demand  the  correction  of  notified 


The  system  is  simple.  Certain  minimum  health  essentials  are 
net  forth,  with  proper  headings  under  which  the  results  of  the 
physical  examinations  are  recorded.  In  every  instance  where  the 
«hild  is  free  from  physical  defect  corresponding  to  any  one  of  these 
headings  a  red  star  is  stamped  in  tlie  appropriate  column.  The 
child  is  then  informed  that  following  the  correction  of  certain 
existing  physical  defects  or  the  attainment  of  the  minimum  standanl 
a  hfaifi  star  will  be  placed  in  the  appropriate  column,  and  when  all 
the  spaces  are  filled  with  red  or  blue  stars,  singly  or  in  combination^ 
t  Isold  star  will  be  placed  before  his  name. 

Our  experience  in  the  use  of  this  form  during  the  past  year  hab 
impressed  our  officers  and  the  school  authorities  with  its  value.  In 
tjome  conununities  a  very  high  percentage  of  correction  of  defects 
has  been  obtained  through  the  importunities  of  the  child  brought 
about  by  this  manner  even  in  cases  where  no  follow-up  work  what- 
CT^  had  been  done  by  the  school  nurse. 

Sew  work. — ^With  regard  to  the  new  work  imdertaken  by  the 
child-hygiene  section  during  the  year,  mention  has  already  been  made 
of  the  cooperative  work  being  carried  on  at  Hagerstown,  Md. 

In  connection  with  certain  studies  relating  to  the  prevalence  of 
Cnberciiloflis  which  the  service  is  making  in  cooperation  with  the 
State  Board  of  Health  of  Utah  and  the  Utah  Public  Health  Asso- 
dati(m,  particular  attention  is  being  given  to  the  related  child- 
hjgiane  problema    Large  numbers  of  school  children  are  being  ex- 
uuned,  and  those  who  are  found  in  poor  physical  condition  are 
relured  to  fecial  examiners  for  attention.    Personally,  I  feel  that 
the  period  of  childhood  offers  the  most  promising  point  of  attack  in 
the  control  of  tuberculosis.    It  is  practically  impossible  to  diagnose 
iacqiient  tuberculosis  in  children  by  any  method.    In  fact,  a  special 
fynmit^^^  of  the  National  Tuberculosis  Association  is  on  record  as 
lUtiag  that  even  by  the  use  of  the  X  ray,  unless  the  findings  show 
inrolvement  of  the  lung  fields  rather  than  the  lung  roots,  the  diag- 
aoaia  of  incipient  tuberculosis  can  not  be  made  in  the  child.    For 
then  reasons,  a  child  presenting  the  combination  of  symptoms  classi- 
fied under  malnutrition  should  be  regarded  as  potentially  tubercu- 
loos  and  the  necessary  means  should  be  taken  to  improve  his  general 
eoadition.    Child  hygiene,  by  safeguarding  the  health  of  expectant 
aotbers  and  assuring  the  unborn  child  a  sound  birthright ;  employ- 
ing special  means  for  reducing  infant  mortality  and  assuring  better 
cir^  attention,  and  management  of  infants  and  children  of  preschool 
«g«;  concerning  itself  with  the  improvement  of  school  health  super- 
naion ;  and  securing  better  provision  for  safeguarding  the  health  of 
f-hikiren  en^ged  in  industrial  occupations  is  one  of  the  most  potent 
hctors  in  the  control  of  tuberculosis. 
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On  request  of  the  State  and  local  health  officers,  the  Public  Healtq 
Service  has  been  making  special  investigations  in  school  hygiene  ii 
Bedford,  Ind.,  and  in  Memphis,  Tenn.  The  work  at  the  latter  place 
is  too  recent  for  me  to  give  you  the  results  of  these  studies  at  the 
present  time. 

In  Bedford,  Ind.,  however,  our  studies  have  developed  some  inter- 
esting information  regarding  the  relationship  of  posture  to  malnu- 
trition and  also  regarding  the  association  of  bad  posture  with  physi- 
cal defects.  These  investigations  will  be  made  the  subject  of  special 
reports.  In  addition,  the  work  of  the  service  officer  has  been  instruH 
mental  in  bringing  about  the  adoption  of  a  system  of  health  instruct 
tion  in  the  public  schools  of  the  city  which  in  itself,  from  the  publicH 
health  standpoint,  is  ample  compensation  for  the  time  and  energy 
spent  in  these  investigations. 

The  service  has  also  been  making  some  very  extensive  investiga- 
tions of  special  child-hygiene  problems  in  cooperation  with  the 
State  board  of  health  of  Florida  and  the  State  federation  of  women's 
clubs.  In  order  to  secure  material  for  special  studies,  the  service 
has  been  obliged  to  do  some  extensive  routine  supervision  work  in 
the  schools  of  two  counties  of  the  State.  We  have  been  particularly 
interested  in  collecting  material  for  use  in  an  attempt  to  prepare 
more  accurate  standards  of  physical  development  than  those  at  pres- 
ent generally  employed,  and  also  for  the  purpose  of  studying  the 
effect  of  certain  physical  defects  and  endemic  diseases  on  school 
progress  and  the  growth  and  development  of  children.  Tlie  work 
is  still  under  way  and  no  definite  information  bearing  on  these  points 
can  be  given  at  the  present  time.  However,  some  very  interestin«r 
side  issues  have  developed  as  a  result  of  our  special  studies  which 
manifest  the  aroused  interest  of  the  local  community  in  child  health 
work.  In  one  of  the  counties  where  we  have  been  working  better 
provision  is  being  made  for  school  health  supervision,  a  number  of 
nutrition  clinics  have  been  organized  and  operated,  a  child  health 
center  has  been  established  to  be  operated  by  the  committee  of  the 
local  medical  association  on  the  withdrawal  of  Federal  forces,  and 
finally  an  arrangement  has  been  perfected  whereby  the  local  den- 
tists will  give  free  dental  attention  to  every  necessitous  child  re- 
ferred to  them  by  the  school  authorities. 

The  activities  of  the  service's  mouth-hygiene  unit  have  been 
largely  confined  to  the  State  of  Florida  during  the  past  year.  In 
the  counties  where  special  studies  of  the  effect  of  physical  defects 
on  the  growth  and  development  of  children  have  been  made  the 
mouth-hygiene  unit  has  examined,  charted,  and  graded  the  mouths 
of  the  entire  school  population  for  use  in  determining  the  effect,  if 
any,  of  bad  mouth  conditions  on  the  child's  physical  growth. 
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As  a  result  of  the  special  investigations  of  the  mouth  hygiene  unit, 
officers  of  the  service  are  coming  to  a  realization  of  the  possibility 
that  dental  caries  alone  is  not  so  much  a  factor  to  be  considered  in 
respect  of  the  health  and  the  sc1k)o1  progress  of  the  school  child  as 
is  mouth  sepsis  evidenced  by  gingival  infection  and  other  inflamma- 
tory conditions  of  the  oral  tissues.  According  to  these  studies,  a  very 
interesting  and  strongly  probable  relationship  between  mouth  sepsis 
aiul  school  progress  seems  to  exist.  In  a  very  large  number  of  in- 
stances, in  fact  apparently  too  large  to  be  considered  a  mere  coin- 
cidence, it  has  been  found  that  for  children  with  low  mouth  sepsis 
ratings,  according  to  a  method  of  grading  devised  by  the  unit,  there 
is>  a  corresponding  low  school  rating,  and  vice  vei'sa. 

In  conclusion,  I  wish  to  say  that  I  had  hoped  to  make  a  few  re- 
marks regarding  the  organization  of  child  health  work  on  a  State- 
wide basis,  but  1  have  already  used  up  too  much  of  the  allotted  time. 
In  devising  sudi  a  plan  the  health  officer  or  the  director  of  the 
division  of  child  hygiene  should  make  a  comprehensive  survey  of 
his  territory  for  the  purpose  of  determining  the  most  pressing  child 
hygiene  problems  of  the  different  communities,  and  to  take  stock  of 
local  resources,  including  the  amount  of  cooperation  that  may  be 
expected  from  auxiliary  agencies.  Our  experience  has  been  that, 
while  a  completed  plan  of  child  hygiene  work  is  desirable,  but  few 
communities  arc  in  position  financially  or  otherwise  to  put  an  all- 
embracing  plan  in  operation.  However,  every  community  has  one 
or  more  special  problems  which  require  special  attention.^  The  solu- 
tion of  such  problem  or  problems  should  be  the  entering  wedge,  and 
as  local  resources  increase  the  work  may  be  gradually  expanded. 

Finally,  I  wish  to  emphasize  that  because  of  the  interrelationship 
of  all  health  problems  any  State-wide  or  local  plan  of  child  health 
supervision  should  provide  for  a  very  definite  correlation  of  the  child 
iiygiene  activities  with  the  other  activities  of  the  State  and  local 
health  department.  Such  correlation  is  advisable  not  only  from  the 
standpoint  of  economical  expenditure  of  funds  but  it  also  promises 
the  b^  results. 

Doctor  ScHEREscHEWSKY.  The  next  subject  on  the  program  is  the 
provision  of  the  act  of  November  23,  1921,  entitled  "  Promotion  of 
the  welfare  and  hygiene  of  maternity  and  infancy,  and  for  other  pur- 
poses," with  special  reference  to  detailed  plans  for  carrying  out  the 
provisions  of  the  act  as  specified  in  Section  B  in  section  8. 

We  have  with  us  to-day  Miss  Grace  Abbott,  the  Chief  of  the  Chil- 
dren's Bureau,  and  it  is  going  to  be  our  pleasure  to  have  Miss  Abbott 
address  us  on  this  most  important  topic. 

I  believe  the  recognition  of  the  necessity  for  the  protection  of 
infancy  in  childhood  by  the  Federal  Government  is  of  the  most  im- 
portance and  a  milestone  in  the  progress  of  public  health. 
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It  gives  me  great  pleasure  to  have  Miss  Abbott  address  you. 

Doctor  CuMMiNO.  If  Miss  Abbott  will  allow  me  to  make  a  short 
statement,  I  will  appreciate  it. 

A  friend  of  mine  is  in  town,  from  Chicago,  to  help  the  Gtov- 
ernment  in  a  voluntary  way,  a  man  who  had  done  a  great  deal  for 
the  Government  in  the  last  year.  He  was  suddenly  taken  sick  about 
12  o'clock,  and  General  Dawes  called  me  up  abotit  it.  We  have 
taken  him  to  the  Emergency  Hospital,  and  they  are  about  to  operate 
on  him,  and  while  he  was  put  under  the  anesthetic  I  ran  over  here 
to  apologize  for  not  being  with  you  this  afternoon,  and  I  am  sure 
you  understand  it. 

I  hope  we  shall  have  the  pleasure  of  meeting  again  next  year  and 
have  a  good  meeting.  I  also  hope  that  we  shall  have  a  very  suc- 
cessful year  in  the  following  12  months. 

Before  Miss  Abbott  has  anything  to  say  I  want  to  say  that  we 
are  working  together  in  the  utmost  harmony,  trying  to  carry  out  the 
intent  with  respect  to  maternity,  and  we  hope  it  will  result  in  a  great 
deal  of  good. 

PROMOTION   OF  THE   WELFARE   AND   HYGIENE   OF   MATERNTTT 

AND  INFANCY. 

Miss  Abbott.  I  have  not  very  much  to  say  to  you  this  afternoon^ 
because  I  think  we  covered  practically  all  the  points  that  any  of  you 
wanted  any  information  about  on  Monday  afternoon. 

It  did  occur  to  me,  on  thinking  it  over,  that  there  was  one  thing 
I  omitted  to  say.  I  did  not  report  the  progress  with  reference  to 
the  acceptance  by  the  States  of  the  Sheppard-Towner  Act.  Forty- 
two  States  have  now  accepted  it,  11  by  legislative  acts,  and  the  rest 
by  the  action  of  the  governors,  pending  the  next  session  of  the  legis- 
latures. The  plans  of  33  States  have  been  approved  in  final  form, 
and  we  are  hoping  that  the  other  plans  will  come  in  soon. 

Doctor  Gumming  and  Doctor  Tigert,  when  he  has  been  in  town, 
have  been  very  generous  in  giving  the  necessary  time  to  the  work 
of  the  board,  so  that  we  have  been  able  to  act  on  the  plans  promptly. 

I  am  not  able  to  say  as  yet  that  the  comptroller  is  ready  to  pay 
over  the  first  allotments.  I  hope,  however,  that  all  questions  will 
be  settled,  so  that  this  will  soon  be  possible. 

A  great  many  of  you  have  been  discussing  with  us  at  the  bureau 
your  individual  plans,  and  Doctor  Rude  and  I  appreciate  very  much 
having  this  opportunity  of  meeting  and  talking  with  you.  We  all 
have  many  problems,  which  I  am  sure  will  be  solved  in  the  years 
to  come,  and,  unless  there  are  some  questions  some  of  you  would  like 
to  ask,  I  do  not  intend  to  say  anything  more  now.  I  know  you  are 
already  tired,  and  there  will  be  more  speeches  this  afternoon  from 
persons  whom  you  have  not  yet  had  an  opportunity  of  hearing,  and 
I  am  very  glad  to  ^ive  way  to  them. 
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DcK^r  ScHSRE8GH£WBKY.  This  subject  is  ixow  open  to  discussion. 
If  theire  is  no  discussion  on  this  topic,  we  will  proceed  to  the  next 
topic,  which  is  "Nutritional  disease."   , 

I  will  ask  Doctor  Gc^dberger  to  make  some  statements. 

NUTRITIONAL  DISEASE. 

Doctor  (toldberoeb.  Mr.  Chairman  and  members  of  the  conference, 
I  think  some  three  or  four  years  have  passed  without  my  attending 
these  conferences  and  without  making  a  report  of  progress.  The 
main  reason  for  this  is  that  the  progress  of  our  investigations  of 
[)ellagra  was  such  that  we  did  not  feel  prepared  to  report  on  them. 

The  results  of  the  work  of  the  past  four  years  have  confirmed  the 
indications  of  our  earlier  results,  which,  as  you  know,  pointed  to 
the  protein  factor  as  the  one  concerned  equally  in  the  pro- 
duction and  in  the  prevention  of  the  disease.  The  indications  are 
well-nigh  conclusive  that  there  is  some  fault  bound  up  with  the 
protein,  in  all  probability  with  respect  to  the  make-up  of  the  amino- 
ncid  naxture,  that  is  the  essential  factor  concerned  in  the  cause  of  the 
disease  pellagra. 

It  hardly  seems  necessary  to  go  into  discussion  of  our  recent  re- 
siJts  at  this  time,  for  they  have  already  been  dealt  with  in  a  report 
published  in  the  Public  Health  Reports  a  few  weeks  ago  (March  3, 
1922).  I  may  say,  however,  that  additional  confirmatory  observa- 
tions have  been  made  of  those  there  reported  pointing  to  the  protein 
factor  as  the  essential  one.  Notwithstanding  all  this,  we  feel  that 
there  is  still  much  to  be  done  before  it  can  be  said  that  all  possible 
dietary  factors  other  than  protein  have  been  absolutely  excluded  from 
consideration. 

Aside  from  their  immediate  bearing  on  the  program  of  pellagra, 
the  results  of  our  studies  have  a  broader  significance.  They  sug- 
gest that  a  specific  condition — a  specific  human  disease — ^may  result, 
so  far  as  we  can  at  present  judge,  from  a  defect  in  the  protein  factor 
alone. 

Doctor  ScHERESCHEwsKY.  Is  there  any  discussion  of  Doctor  Gold- 
herger's  talk?  If  not,  the  recent  outbreaks  of  virulent  smallpox  in 
certain  sections  of  our  country  and  the  fact  that  vaccination  is  not 
heing  practiced  with  the  assiduity  with  which  it  should  be  practiced 
in  a  number  of  sections  of  the  country  render  some  discussion  of  cer- 
tain features  of  the  vaccination  against  smallpox  pertinent  at  this 
time,  and  I  will  ask  Doctor  Leake  to  open  the  discussion  in  this 
matter. 

VACaNATION  AGAINST  SMALLPOX. 

Doctor  Leake.  Grentlemen,  the  hour  is  late;  there  are  a  few  points 
that  I  think  may  not  be  generally  appreciated,  and  I  want  to  touch 
upon  those  only. 
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The  chairman  referred  to  the  virulent  outbreak  in  the  two  Kansas 
Cities;  the  infection  has  spread  from  there  to  other  places,  notably 
Denver. 

The  form  of  the  disease  which  is  prevalent  there  is  the  old  text- 
book form,  our  milder  American  innaUpox  being  a  less  virulent  form 
rather  than  a  separate  disease.  The  smallpox  in  Kansas  City  was 
a  type  which  had  a  mortality  of  from  30  to  40  per  cent.  There  is 
one  point  in  that  outbreak  which  seems  to  be  true  of  other  severe 
outbreaks,  and  which  deserves  to  be  mentioned — the  contagiousness 
of  the  disease  under  these  conditions.  Apparently  it  is  more  con- 
tagious, as  well  as  more  fatal,  so  that  more  severe  measures  have  to 
be  taken  in  isolation ;  further,  in  regard  to  vaccination,  one  can  not 
be  sure  of  an  old  vaccination  protecting  to  the  same  degree  as  it  doe- 
against  our  milder  form.  In  Kansas  City  we  found  a  few  cases  in 
this  epidemic  that  were  vaccinated  as  recently  as  three  years  ago, 
with  perfectly  good  scars.  These  cases  tend  to  be  somewhat  milder, 
of  course.  None  of  those  who  were  vaccinated  two  to  two  and  a  half 
years  ago  had  fatal  cases,  but  it  would  seem  that  to  promise  immunity 
one  should  ask  for  re  vaccination  in  the  presence  of  such  a  contagious 
outbreak  unless  one  has  been  vaccinated  within  two  years. 

Furthermore,  vaccination  during  the  early  part  of  the  incubation 
period  did  not  prevent  the  disease.  The  vaccination  should  be  per- 
formed before  exposure.  We  can  not  hope  to  do  all  the  good  we  can 
unless  we  get  our  communities  vaccinated  earlier. 

Everyone  knows  that  we  would  like  uniform  vaccination  at  school 
age.  It  is  appreciated  that  this  can  not  be  had  in  certain  communi- 
ties. The  population  will  not  stand  for  it.  In  some  communities,  in 
the  most  populous  ones,  school  vaccination  is  in  vogue ;  we  hope  that 
it  always  will  be,  and  that  there  will  be  no  stepping  back  from  as 
much  protection  as  we  have. 

In  Sweden  recently  the  vaccination  laws  have  been  amended  so  as 
to  adopt  the  American  plan  of  vaccination  at  school  age,  instead  of 
the  usual  European  method  of  vaccinating  in  infancy.  If  only  one 
of  the  two  were  to  be  selected,  the  American  method  is  better.  Cer- 
tainly the  English  idea  of  one  vaccination  giving  perfect  protection, 
provided  there  are  four  good-sized  scars,  covering  a  square  inch,  can 
not  be  held  entirely  sound — it  probably  is  a  good  method,  but  any 
infantile  vaccination  will  gradually  lose  its  protective  power  in  a 
considerable  proportion  of  individuals.  If  we  had  one  time  to  choose 
it  would  be  the  school  age,  as  this  would  probably  give  the  more  last- 
ing immunity.  Two  advantages  of  vaccination  in  infancy  are,  there 
is  usually  no  fever,  and  the  scar  tends  to  fade. 

One  minor  point  in  regard  to  the  apparent  failure  of  vaccination 
in  such  an  epidemic  as  we  had  in  Kansas  City ;  a  few  cases  were  seen 
where,  according  to  the  description  at  the  hospital,  the  patient  had 
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Lgoo<l  vaccination  and  still  came  clown  with  smallpox,  the  facts  being 
L«  follows : 

Vaccine  virus  was  inserted  on  the  arm,  but  no  exact  record  had 
\$»n  kept  of  the  date  of  insertion  and  the  date  of  tlie  appearance  of 
\y  vaccinal  reaction;  the  sequence  of  events  was  learned  only  on 
ljlle^tionil^;  the  patient  and  using  a  calendar  to  help  him  fix  dates. 
Fhe  vaccine  virus  was  not  potent  and  lay  dormant  in  the  skin;  in- 
rteatl  of  coming  up  to  a  maximum  "  take  "  in  9  to  11  days,  it  showed 
no  signs  of  ^  taking."  The  patient  was  exposed  to*  smallpox  and  the 
QDJiIIpox  fever  came  on  in  12  days  after  exposure,  the  virulence  of 
the  infection  stirred  up  the  attempted  vaccination  so  that  this  became 
the  first  site  of  the  smallpox  eruption  and  came  out  a  day  or  two  be- 
fure  the  general  eruption.  It  was  not  the  failure  of  vaccination  to 
pn>t«>ct.  but  faihire  to  get  a  vaccination. 

In  regard  to  the  so-called  '^alastrim":  In  this  country  there  is  no 
iniuHe,  except  in  individual  cases,  with  the  diagnosis  of  mild  small- 
pnx.  The  epidemic  itself  is  easily  diagnosed.  There  is  no  reason 
fitr  regarding  the  alastrim  of  the  West  Indies  as  anything  different 
from  onr  mild  smallpox.  It  is  the  same  disease.  The  fact  that  there 
in*  few  or  no  deaths  has  nothing  to  do  with  the  way  it  should  be 
handled.  The  other  features  of  alastrim  are  present  in  our  epidemics 
"f  smallpox. 

In  regard  to  the  so-called  reactions  of  immunity,  the  reactions 
«hich  take  place  on  the  arm  when  a  person  has  already  been  pro- 
tected by  previous  vaccination,  there  seems  to  have  been  some  ques- 
tion as  to  how  these  appear  and  what  the  absence  or  presence  of  the 
r*^ction  meana  If  a  person  is  vaccinated  with  a  potent  vaccine, 
there  is  always  some  reaction.  In  cases  with  no  previous  immunity 
there  is  the  regular  primary  vaccinal  efflorescence,  with  the  maximum 
at  tljout  9  days,  practically  nothing  during  the  first  2  or  3  days,  and 
the  widest  extent  of  redness  at  the  9  or  11  day  period.  If  a  person 
has  a  slight  amount  of  immunity,  the  reaction  will  begin  a  day  or 
two  isooner  and  come  up  to  its  maximum  around  the  seventh  day, 
the  total  area  not  being  so  great  as  in  a  primary  ^'take,"  although 
•m  the  seventh  day  you  may  notice  a  higher  reaction  than  in  the 
<*i9P  of  the  corresponding  primary  vaccination  at  that  day.  The 
reaction  of  immunity,  occurring  in  those  who  are  moderately  to 
highly  immune,  is  a  briefer  affair,  the  reaction  coming  up  ordinarily 
«^ith  a  pei'son  who  has  not  been  vaccinated  in  three  or  four  years,  so 
that  it  reaches  its  maximum  about  48  hours  after  inoculation.  A 
f'wction  in  one  of  these  three  forms  will  take  place  with  practically 
^'very  i)erson  who  is  vaccinated  with  vaccine,  and  this  reaction  can 
hnve  a  maximum  at  any  point  within  10  or  11  days;  commonly  any- 
thing in  the  first  3  days  is  called  an  immune  reaction ;  anything  from 
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3  to  8  days  an  accelerated  reaction,  and  from  then  on  a  regul 
vaccinia. 

The  early  reactions  generally  indicating  immunity  can  take  plj^ 
with  dead  virus,  but  active  virus  is  necessary  to  get  the  proper  int^ 
pretation  of  the  reaction. 

Doctor  ScHEREscHEwsKY.  We  will  now  hear  from  you,  DoH 
JBeatty. 

Doctoi*  Beattt.  I  am  not  proud  of  the  fact,  but  Utah  can  clal 
the  distinction  oi  having  had  the  highest  smallpox  rate  in  the  UniJ 
States  every  year  for  the  past  20  years.  There  is  a  reason.  I  mij^ 
fiay  22  years  to  be  more  exact,  l)ec«use  it  was  at  that  time  that  i 
State  legislature  passed  a  law  expressly  prohibiting  health  autlicj 
ties  or  school  authorities  from  excluding  unvaccinated  pupils  in 
school  or  requiring  the  vaccination  of  any  individual  in  the  ca\ 
munity. 

I  think  the  facts  are  rather  interesting  from  an  epidemiologic 
standpoint,  worthy  perhaps  of  careful  study,  because  they  can  ^ 
be  duplicated  elsewhere. 

I  need  not  go  into  the  causes  leading  to  the  enactment  of  the  fr€ 
law  other  than  to  say  that  it  was  a  result  of  fanatical  antivacci^ 
tion  activities  in  high  places.  The  result  of  the  law  and  advei 
public  sentiment  responsible  for  it  has  been  a  largely  unproteot 
population.  I  can  not  recall  a  year  in  which  smallpox  has  not  b^ 
prevalent,  assuming  epidemic  proportions  in  many  yeai*s.  In  IS 
there  were  5,000  cases,  and  1921  more  than  3,700;  the  population 
the  State  is  450,000. 

The  presence  of  the  malignant  type  of  smallpox  in  Kansas  C'i 
Denver,  and  other  western  cities  last  winter,  however,  has  hac] 
tremendous  influence  in  changing  the  sentiment  and  stimulating  vi 
cination,  and  there  is  reason  to  believe  that  the  repeal  of  the  an 
vaccination  law  may  be  accomplished  at  the  next  session  of  i 
legislature. 

Doctor  Turner.  I  just  want  to  take  a  minute  to  tell  you  a  lit 
of  the  situation  in  the  State  of  Washington.  I  do  not  want  to  fi| 
with  Doctor  Beatty  in  saying  that  we  have  more  smallpox  in  i 
State  of  Washington  than  in  any  other  State  in  the  United  Stat 
but  I  believe  we  come  pretty  near  having  the  most,  or  we  did  ha 
«ome  years  ago. 

Last  year,  in  July,  the  State  board  of  health  passed  a  regulati 
in  order  to  control  smallpox  to  the  best  of  our  ability,  so  we  p] 
•ceeded  to  put  this  rule  into  effect,  and  immediately  ran  into  all  soi 
of  difficulties  and  the  usual  fights  to  get  the  procedure  over. 

It  went  to  the  court  in  Thurston  County.  We  received  a  decisis 
and  they  appealed  to  the  supreme  court.  I  do  not  care  to  take  i 
the  time  to  tell  you  the  whole  situation.    I  merely  want  to  read  I 
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rision  we  obtained  of  the  supreme  court,  and  it  is  so  good  that 
really  stopjjed  thinking  about  passing  any  laws  on  public  health 
i  the  State  of  Washington.  It  makes  it  a  regulation  so  flexible  that 
f  are  pretty  well  oflF,  I  think.    This  is  a  part  of  this  decision : 

Tbe  ictatQte  declared  the  net  ot  the  board  of  health  to  be  final  and  con- 
WTe,  and  not  to  be  reviewed  by  tbe  courts  or  denied,  because  the  authority 
V  be  abused,  or  tbe  law  maladministered,  and  that  the  finding  of  facts  b.v 
pyerly  constltnted  health  oflk!er«  is  final  and  binding  upon  the  public  school 
pi  upon  tbe  conrta. 

There  seems  to  be  nothing  further  which  needs  to  be  said. 
I>octor   ScHBRESCHiwsKT.  We  will  suspend  the  program  for  a 
fm  minutes  until  we  receive  the  report  of  the  resolutions  committee. 

REPORT  OF  RESOLUTIONS  COMBOTTEE. 

Doctor  Dalton.  Mr.  Chairman,  the  following  resolutions  have 
ben  presented  to  the  resolutions  committee,  which  have  been  passed 
^m  by  them. 

The  first  was  read,  as  follows: 

Vr]>e'neas  a  considerable  number  of  cases  of  leprosy  are  known  to  State 
toiilh  aotboritiee  and  nearly  all  of  these  cases  are  living  at  their  homes  or 
■fr  bcin^  cared  for  elsewhere  under  conditions  unfavorable  to  treatment  of 
k^  <!lan«e  even  If  favorable  to  protection  of  the  public ;  and 

Wtaefeaa  tbe  Congress  of  the  United  States  has  enabled  the  Public  Health 
^ke  to  take  charge  of  and  enlarge  the  institution  at  Garville,  La.,  so  that 
I  Umited  number  of  cases  have  been  admitted  from  several  States  and  now 
r>  being  given  the  best  possible  medical  treatment  under  very  happy  and 
Lwifortable  conditions  of  living  and  of  environment  which  give  great  promise 
tf  urrest  if  not  complete  cure  of  the  disease ;  and 

Wtereas  many  unfortunate  sufferers  who  have  learned  of  this  institution 
»».  tt«  adTantages  and  being  desirous  of  obtaining  treatment  therein  find 
BW{  the  accomodations  are  so  limited  that  no  hope  seems  to  remain  of  pos- 
•ft^  relief  or  cure  In  their  cases:  Therefore  be  it 

Rr:tolct4,  That  the  State  and  Territorial  health  authorities  here  assembled 
9  rAdxl  conference  with  the  Surgeon  General  of  the  United  States  Public 
llMtth  Service  respectfully  petition  the  Congress  of  the  United  States  to  ap- 
|>n9riate  a  sum  of  money  sufficient  in  the  opinion  of  the  Surgeon  General  to 
«kr^  tbe  CarvUle  institution  and  provide  ample  facilities  for  care  and 
t-vnnent  of  all  cases  of  leprosy  referred  by  the  State  health  authorities. 

Tha  resolution  was  adopted. 

Doctor  Dalton  thereupon  read  a  resolution  which  was  adopted  in 
Uk  fidlowing  form : 

tlie  «mference  of  State  and  Provincial  Health  Authorities  of  North 

hare  gone  on  record  that  changes  in  the  sanitary  raUroad  code  are 

*«  adrinbie  annually,  but  that  the  same  be  made  not  more  frequently  than. 

I  ^  tti«-7ear  periods,  or  when  necessary,  and  has  instructed  the  committee  ta 

"»  teuiTdingly :  Therefore  be  it 

gtwimoi.  That  the  Surgeon  General  of  the  United  States  Public  Health 
**mtt  ippoint  a  conunittee  on  railway  sanitation,  and  that  this  committee- 
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On  request  of  the  State  and  local  health  officers,  the  Public  Health 
Service  has  been  making  special  investigations  in  school  hygiene  in 
Bedford,  Ind.,  and  in  Memphis^  Tenn.  The  work  at  the  latter  place 
is  too  recent  for  me  to  give  you  the  results  of  these  studies  at  the 
present  time. 

In  Bedford,  Ind.,  however,  our  studies  have  developed  some  inter- 
esting information  regarding  the  relationship  of  posture  to  malnu* 
trition  and  also  regarding  the  association  of  bad  posture  with  physi- 
cal defects.  These  investigations  will  be  made  the  subject  of  special 
reports.  In  addition,  the  work  of  the  service  officer  has  been  instru- 
mental in  bringing  about  the  adoption  of  a  system  of  health  instruc- 
tion in  the  public  schools  of  the  city  which  in  itself,  from  the  public- 
health  standpoint,  is  ample  compensation  for  the  time  and  energy 
spent  in  these  investigations. 

The  service  has  also  been  making  some  very  extensive  investiga^ 
tions  of  special  child-hygiene  problems   in  cooperation   with    the 
State  board  of  health  of  Florida  and  the  State  federation  of  women^ 
clubs.     In  order  to  secure  material  for  special  studies,  the  service 
has  been  obliged  to  do  some  extensive  routine  supervision  work  in 
the  schools  of  two  counties  of  the  State.    We  have  been  particularly 
interested  in  collecting  material  for  use  in  an  attempt  to  prepare 
more  accurate  standards  of  physical  development  than  tliose  at  pres- 
ent generally  employed,  and  also  for  the  purpose  of  studying  the 
effect  of  certain  physical  defects  and  endemic  diseases  on  school 
progress  and  the  growth  and  development  of  children.    The  work 
is  still  under  way  and  no  definite  information  bearing  on  these  pointt 
can  be  given  at  the  present  time.    However,  some  very  interestin;|t 
side  issues  have  developed  as  a  result  of  our  special  t^udies  which 
manifest  the  aroused  interest  of  the  local  community  in  child  healtb 
work.    In  one  of  the  counties  where  we  have  been  working  bettei 
provision  is  being  made  for  school  health  supervision,  a  number  ot 
nutrition  clinics  have  been  organized  and  operated,  a  child  heaitt  ^ 
center  has  been  established  to  be  operated  by  the  committee  of  thl^ 
local  medical  association  on  the  withdrawal  of  Federal  forces,  an<  ; 
finally  an  arrangement  has  been  perfected  whereby  the  local  den/' 
tists  will  give  free  dental  attention  to  every  necessitous  child  re  ^ 
ferred  to  them  by  the  school  authorities.  ' 

The  activities  of  the  service's  mouth-hygiene  unit  have  be«|^' 
largely  confined  to  the  State  of  Florida  during  the  past  year.  I|  1 
the  counties  where  special  studies  of  the  effect  of  physical  defe^'^ 
on  the  growth  and  development  of  children  have  been  made  til*  ^ 
mouth-hygiene  unit  has  examined,  charted,  and  graded  the  moufif  '-- 
of  the  entire  school  population  for  use  in  determining  the  effect,  i  ^^  t 
any,  of  bad  mouth  conditions  on  the  child's  physical  growth.  ;  f'^ 


CHILD  HYGIBNE.  101 

Vs  a  result  of  the  special  investigations  of  the  mouth  hygiene  unit, 
cers  of  the  service  are  coming  to  a  realization  of  the  possibility 
it  dental  caries  alone  is  not  so  much  a  factor  to  be  considered  in 
pect  of  the  health  and  the  school  progress  of  the  school  child  as 
(Doath  sepsis  evidenced  by  gingival  infection  and  other  inflamma- 
T  conditions  of  the  oral  tissues.  According  to  these  studies,  a  very 
eresUng  anil  strongly  probable  relationsliip  between  mouth  sepsis 
J  school  progress  seems  to  exist.  In  a  very  large  number  of  in- 
mces,  in  fact  apparently  too  large  to  be  considered  a  mere  coin- 
lence,  it  has  been  found  that  for  children  with  low  mouth  sepsis 
lings,  according  to  a  method  of  grading  devised  by  the  unit,  there 
a  corresponding  low  school  rating,  and  vice  versa. 
In  conclusion,  I  wish  to  say  that  I  had  hoped  to  make  a  few  re- 
urks  regarding  the  organization  of  child  health  work  on  a  State- 
ide  basis,  but  I  have  already  used  up  too  much  of  the  allotted  time. 
I  devising  such  a  plan  the  health  officer  or  the  director  of  the 
vision  of  child  hygiene  should  make  a  comprehensive  survey  of 
« territory  for  the  purpose  of  determining  the  most  pressing  child 
rinene  problems  of  the  diflferent  communities,  and  to  take  stock  of 
n\  reK)urces,  inchuling  the  amount  of  cooperation  that  may  be 
^»ected  from  auxiliary  agencies.  Our  experience  has  been  that, 
?iile  a  completed  plan  of  child  hygiene  work  is  desirable,  but  few 
"nmiunities  are  in  position  financially  or  otherwise  to  put  an  all- 
mbracing  plan  in  operation.  However,  every  conmiunity  has  one 
rciore  special  problems  which  require  special  attention.^  The  sohi- 
^T  of  such  prol>lem  or  problems  should  be  the  entering  wedge,  and 
slwal  resources  increase  the  work  may  be  gradually  expanded. 
Finally,  I  wish  to  emphasize  that  because  of  the  interrelationship 
f  ali  health  problems  any  State-wide  or  local  plan  of  child  heulth 
4*rvision  should  provide  for  a  very  definite  correlation  of  the  child 
fp«*ne  activities  with  the  other  activities  of  the  State  and  local 
department.  Such  correlation  is  advisable  not  only  from  the 
rfpoint  of  economical  expenditure  of  funds  but  it  also  promises 
i^  results. 

'Hlor  ScuEREsCHEWSKY.  The  next  subject  on  the  program  is  the 
vision  of  the  act  of  November  23,  1921,  entitled  "  Promotion  of 
ivelfare  and  hygiene  of  maternity  and  infancy,  and  for  other  pur- 
with  special  reference  to  detailed  plans  for  carrying  out  the 
risions  of  the  act  as  specified  in  Section  B  in  section  8. 
fehave  with  us  to-day  Miss  Grace  Abbott,  the  Chief  of  the  Chil- 
l's Bureau,  and  it  is  going  to  be  our  pleasure  to  have  Miss  Abbott 

us  on  this  most  important  topic. 
believe  the  recognition  of  the  necessity  for  the  protection  of 
►niT  in  childhood  by  the  Federal  Government  is  of  the  most  im- 
»Dce  and  a  milestone  in  the  progress  of  public  health. 
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A  Memm&r.  The  question  arises  in  my  mind  as  to  how  you  ar 
jcoing  to  help  yourself.  When  a  town  has  a  limited  amount  o 
money,  and  has  bonded  itself  to  the  limit,  and  has  not  a  good  wate 
supply,  they  must  haye  fire  protection. 

Doctor  Schereschewskt.  This  resolution  does  no  more  than  mini 
mize  these  conditions;  and  if  this  matter  is  placed  under  the  juris 
diction  of  the  board  of  health  it  would  have  records  which  do  nol 
exist  now  within  the  knowledge  of  the  board  of  health,  by-passes 
and  all  connections,  and  some  supervision  can  be  maintained  ovei 
them.  I  realize  the  practical  difficulty  in  the  rigid  enforcement  ol 
this. 

Doctor  Chesutt.  In  Minnesota  we  have  had  several  epidemics 
due  to  physical  connections  for  fire  purposes.  The  emergency 
occurred,  and  they  turned  it  into  the  water  supply.  The  damagf 
was  done  before  anybody  knew  about  it.  We  have  found  in  placefi 
where  they  are  putting  in  new  supplies,  and  needed  a  supplemental 
supply  for  emergency  purposes,  the  influence  of  the  insurance  com- 
panies was  against  making  any  provision  for  the  protection  of  the 
public  in  such  an  emergency.  It  is  possible  through  such  mediunis^ 
which  would  vary  under  different  conditions,  to  protect  the  supply, 
even  if  you  have  to  take  it  in  emergencies.  That  is  what  we  are 
trying  to  do.  We  should  not  arouse  the  opposition  of  the  fire  under- 
writers and  other  commercial  organizations  when  we  attempt  to  safe- 
guard the  water  supply  against  possibilities  of  pollutions.  That  is 
the  whole  intent  of  the  resolution — to  gain  their  cooperation  and 
limit  the  active  opposition  which  very  often  prevents  getting  some- 
thing like  that  done  until  after  an  epidemic  occurs. 

The  resolution  was  adopted. 

Dr.  Schereschewskt.  Now  the  question  is  as  to  adopting  the  re- 
port of  the  resolutions  committee  as  a  whole. 

A  Member.  I  move  its  adoption  as  a  whole. 

Doctor  Schereschewskt  It  is  moved  and,  seconded  that  the 
report  of  the  resolutions  committee  be  adopted  as  a  whole.  All  in 
favor  will  signify  the  same  in  the  usual  manner. 

(Eeport  of  resolutions  committee  adopted  as  a  whole.) 

We  will  resume  the  program.  The  next  topic  is  the  question  of 
industrial  hygiene.  In  view  of  the  growing  importance  of  this 
phase  of  public  health,  I  will  ask  Doctor  Thompson  to  discuss  this. 

(Doctor  Thompson  thereupon  read  the  following  paper:) 

INDUSTRIAL   HYGIENE. 

In  opening  the  discussion  on  industrial  hygiene  I  would  like  to  remind  you 
of  several  facts.  In  the  past  -several  years  students  of  epidemiology  and 
State  and  local  health  authorities  have  begun  to  take  notice  of  the  Importance 
of  those  diseases  represented  by  heart  disease  and  Bright's  disease  which  are 
becoming  each  year  a  more  and  more  Important  factor  in  the  general  deatii 
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rate.  Our  interest  is  naturally  not  so  much  with  the  disease  itself  as  with  the 
noderlying  causes  which  contribute  to  the  disease.  It  is  true,  of  course,  that 
«  part  of  the  ai>parent  increase  in  the  mortality  rates  from  these  diseases  is 
doe  to  the  decreased  mortality  in  communicable  diseases,  such  as  tuberculosis 
ind  typhoid  fever,  but  nevertheless  any  disease  which  represents  to  us  the 
b«gbming  of  the  impairment  of  the  physical  machine  can  not  fail  to  attract 
oA  hold  our  undivided  interest. 

The  field  of  preventive  medicine  that  State  health  officers  have  been  inter- 
etted  in  in  the  past  has  been  so  broad,  with  perhaps  the  funds  for  the  work 
a»  sfoall,  that  industrial  hygiene  and  sanitation  has  received  but  little  con- 
sMleration.  This  is  evidenced,  I  think,  by  the  fact  that  the  majority  of  States 
hire  either  Tery  incomplete  industrial  laws  or  none  at  all,  and  the  divisions  of 
fndvstrlal  hygiene  are  to  be  found  mainly  in  State  departments  of  labor  rather 
Una  State  health  departments.  In  my  own  mind  it  is  quite  clear  that  with 
tbe  realixation  of  the  importance  and  the  necessity  for  studying  the  causes  of 
(Kfwiic  diseases  such  as  I  have  referred  to,  the  relative  importance  of  indus- 
trial hygiene  and  sanitation  will  stand  out  with  increasing  signiUcance. 

Every  physician  is  acquainted  with  the  symptoms  and  effects  of  lead  poison- 
iif,  and  tills  class  of  poisoning  has  probably  been  more  comi^etely  studied  than 
417  of  the  toxic  metals.  The  result  is  that  it  has  l>een  definitely  proven  that  per- 
nanent  degenerative  changes  take  place  in  excretory,  circulatory,  gastro- 
mtfflthkal,  and  nervous  systems.  Thompson,  in  his  work  on  occupational  dis- 
eases, states  that  more  than  150  different  trades  subject  the  workmen  to 
pivmbism.  The  extremely  wide  variety  of  these  trades,  including  as  they  do 
nhiiag  and  smelting,  painting,  pottery,  glass  industries,  shipbuilding,  paper 
making,  and  others,  makes  it  evident  that  in  every  community  we  will  find  the 
htzard  and  that  the  number  of  people  exposed  to  this  single  poison  is  extremely 
targ«.  While  the  actual  number  of  cases  of  lead  poisoning  that  are  found  may 
Bot  be  startling,  on  the  other  hand  there  are  thousands  of  workers  who  have 
tfrtved  a  permanent  physical  handicap  they  must  carry  through  life,  no 
■•tier  what  their  future  occupation. 

I  have  taken  lead  at*  im]y  one  example  of  n  group  of  hazards,  and  in  a  great 
laajority  of  work  processes  health  hazards  of  the  same  sort  exist.  It  is  my  own 
-l»i!ii«»n  TJmt  the  State  liealth  officals  in  the  near  future  will  be  comi)elled  to 
reiif^iizp  the  importance  of  the  industrial  life  of  their  communities  if  they 
♦^pwt  to  make  any  great  impression  on  their  present  death  rates. 

The  program  of  the  Public  Health  Service  in  industrial  hygiene  and  sanlta- 
tkn  may  l>e  taken  up  under  four  main  divisions : 

First,  Scientific  investigation  as  to  the  cause,  effect,  and  preventicn  of  the 
more  Important  health  hazards,  especially  the  principles  of  ventilation,  illumina- 
tii«.and  Industrial  sanitation,  in  order  to  make  data  available  to  State  and  local 
aatborities  for  use  in  the  formation  and  standardization  of  their  industrial  codes. 

Sfivnd.  A  study  of  industrial  sickness  or  morbidity  records  to  determine  the 
oatore  of  such  Illnesses  and  the  relative  importance  of  various  industrial 
Uslth  hazards  in  their  causation. 

Third.  The  maintenance  of  a  consulting  service  for  the  benefit  of  industry, 
tbe  Individual  employer,  and  State  and  local  health  authorities  where  questions 
wgarding  industrial  hygiene  and  sanitation  can  be  answered  from  the  available 
Utmttore  on  the  subject. 

Fourth.  The  Introduction  of  the  principles  of  industrial  hygiene  and  sanita- 
tMfi  into  Federal  business  to  eliminate  the  known  health  hazards  that  exist 
:a  the  many  divisions  of  work  now  being  carried  on  by  the  Grovernment. 

Doctor  S0HERE8CHEW8KY.  The  subject  of  industrial  hygiene  is 
now  open  for  discussion.    I  realize  all  the  State  health  officers  have 
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been  actively  employed  in  the  problems  of  the  protection  ot  the 
public  from  the'diseases  which  kill  so  many,  but  inasmuch  as  I  knowr 
it  is  the  aim  of  all  of  us  to  round  out  our  health  actiyities  to  the 
fullest  possible  extent,  it  seems  to  me  in  the  future  at  least  more 
thought  must  be  given  to  the  active  measui-es  in  regard  to  industrial 
hygiene,  for  by  so  doing  we  protect  the  health  of  a  group  of  indi- 
viduals which  is  somewhere  in  the  neighborhood  of  twenty-five  or 
thirty  millions. 

Is  there  any  discussion  of  Doctor  Thompson's  paper? 

As  most  of  you  are  aware,  we  recently  had  here  a  conference  on 
the  education  of  sanitarians,  and  as  a  result  of  that  a  committee  was 
appointed.  I  will  ask  Doctor  McLaughlin  to  make  some  statements 
as  to  the  status  of  the  work. 

EDUCATION  OF  SANITARIANS. 

Doctor  McLaughlin.  I  know  you  are  all  tired,  and  I  will  take 
but  two  minutes. 

The  question  of  education  of  sanitarians  is  of  deep  interest  to  us, 
because  the  carrying  out  of  the  education  of  sanitary  officers  depends 
upon  the  cooperation  of  the  health  officers  on  the  one  side  and  the 
educators  on  the  other.  I  am  speaking  because  of  misunderstand- 
ings that  have  occurred. 

In  the  first  place,  if  we  had  invited  this  conference  and  had  present 
the  health  officers  like  you  and  like  me  in  sufficient  numbers,  the 
shrinking  violets  of  deans  of  medical  schools  and  university  presi- 
dents would  have  sat  back,  and  we  would  have  gotten  no  opinion 
from  them — for  that  reason  we  failed  to  feature  the  practical  health 
officer  like  you  and  me.  We  had  a  marvelous  conference,  so  far  as 
the  attendance  of  these  shrinking  violets  of  educators  is  concerned, 
and  we  got  them  here  and  explained  the  problem  to  them.  Another 
criticism  that  was  made  was  that  the  newer  phases  of  public  health, 
such  as  child  hygiene,  were  discussed  and  presented  in  half-hour 
papers,  which  is  absurd;  but  we  had  no  thought  in  mind  of  giving 
them  a  complete  education. 

We  made  an  outstanding  picture  of  each  particular  phase  of  child 
hygiene  so  that  they  would  know,  and  Imow  in  some  instances  for 
the  first  time,  that  these  phases  were  a  necessary  part  of  the  education 
of  the  health  officers  and  of  the  education  of  the  raw  material  from 
which  health  officers  are  produced. 

Another  criticism  that  was  made  was  this:  That  the  conference 
contemplated  the  education  of  the  ideal  health  officer  who  must  know 
everything  about  everything.  The  only  answer  to  that  is,  while  a 
large  part  of  the  conference  was  devoted  to  the  health  officer  of  the 
future,  the  one  we  would  like  to  have,  and  it  was  thought  wise  to  look 
into  the  future  to  that  extent,  we  all  realized  that  the  big  problem 
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to-dav  is  the  training  of  the  sanitarians  now  employed,  and  the 
fdacation  of  the  raw  material  that  we  will  be  compelled  to  utilize  for 
the  next  generation,  regardless  of  any  special  schools  of  public  health 
that  may  be  established. 

The  result  has  been  mailed  to  you,  and  a  committee  was  appointed 
to  follow  it  up  to  bring  about  the  inipi-ovements  in  the  education  of 
the  healtli  officers.  This  committee  in  its  work  put  a  large  part  of  its 
effort  on  the  education  of  the  health  officers  now  employed,  and  the 
type  of  material  we  have  to  employ,  and  out  of  that  the  practical 
side  will  be  taken  care  of,  as  well  as  the  ideal  side — what  Doctor 
Vincent  called,  in  his  inimitable  way,  the  education  of  the  superman. 
I  make  this  explanation  so  you  will  understand  we  had  no  such 
thought  in  mind.  Doctor  Garrison  and  Doctor  Chesley  and  myself, 
who  received  our  education  in  the  universitv  of  hard  knocks,  would 
be  the  last  to  belittle  that  type  of  education  which  succeeded  so  well ; 
but  we  thought  it  would  be  well  to  look  to  the  future,  so  that  the 
kind  of  men  we  would  like  to  see  with  the  kind  of  training  it  took 
20  years  to  get,  might  be  produced  in  a  much  shorter  time. 

Doctor  Scii£RE8CH£W6KT.  Is  there  any  discussion  of  Doctor  Mc- 
Laughlin's progress  report? 

We  have  on  the  program  the  immigration  problem.  It  is  a  big 
problem,  and  has  had  a  powerful  effect  on  the  complexion  of  this 
country.  I  will  ask  Doctor  Kerr  to  open  the  discussion  on  the  matter. 
Doctor  Kerr.  Gentlemen,  I  feel  that  I  can  bring  in  no  concrete 
suggestion  or  recommendation  to  you  regarding  the  problem  of  im- 
nugration  at  this  time.  I  assume  the  secretary  of  the  conference 
called  on  me  by  reason  of  my  recent  association  with  these  problems 
at  Ellis  Island.  I  was  in  charge  of  the  medical  work  there  for  three 
jf^rs.  Anyone  who  has  been  there  and  has  been  associated  with 
problems  of  the  groups  of  people  who  have  come  to  this  country 
must  be  impressed  with  the  enormous  importance  of  immigration. 
The  migration  problem  is  probably  one  of  the  greatest  factors,  and 
has  been  through  thousands  of  years,  in  changing  the  character  and 
destiny  of  nations. 

Perhaps  the  best  example  of  the  effect  of  immigration  may  be  seen 
in  the  valley  of  the  Danube  and  the  Balkans,  through  which  western 
migrations  have  traveled  for  1,500  years.  There  is  no  section  of  the 
world  that  I  know  of  that  shows  as  well  the  ill  effects  of  these  world 
movements. 

Our  immigration  problem  relates,  fii-st,  to  the  future  of  the  race ; 
smif  secondly*  to  the  immediate  effect  of  arriving  aliens  on  the  public 
health. 

The  States  on  the  Atlantic  seaboard  are  confronted  with  these 
problems  to  a  greater  extent  than  the  Central  States.  By  reason  of 
the  examination  of  large  groups  of  men  who  went  into  the  Army  we 
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were  impressed  with  the  influence  of  certain  groups  upon  the  physical 
status  of  our  population  more  than  otherwise  would  have  been  the 
case.  Statistics  on  the  examination  for  the  draft  show  that  the 
stature  of  the  recruit  on  the  Atlantic  seaboard  was  less  than  in  the 
Central  States,  and  this  characteristic  is  attributable  in  a  large 
measure  to  the  accretion  to  our  population.  In  those  States  where 
the  immigrants  have  settled  and  the  alien  population  is  large  health 
officers  should  give  careful  attention  to  their  presence  in  the  general 
population  and  endeavor  to  carrj-  on  work  especially  for  them. 

Last  year  at  the  conference  I  referred  to  the  attention  that  wafs 
paid  to  the  education  of  children  M'hile  they  remained  at  Ellis  Island. 
That,  of  course,  is  the  very  beginning  of  a  large  social  obligation  on 
the  part  of  this  country.  It  has  helped  that  phase  of  the  immigrant's 
life. 

I  would  like  to  impress  upon  the  members  of  the  conference  that 
there  is  no  movement  going  on  in  this  country  that  so  vitally  affects 
the  future  of  the  country  as  the  problem  of  immigration.  We  are 
now,  with  the  very  reduced  immigration,  getting  almost  a  half  million 
people  into  this  country  a  year.  Formerly  they  came  over  in  mil- 
lions— over  a  million  a  year.  It  is  utterly  impossible  for  the  Ameri- 
can population,  as  large  as  it  is,  and  as  open-armed  as  it  has  been,  to 
assimilate  such  vast  numbers,  and  those  of  us  who  have  been  in  close 
touch  with  it  feel  what  a  great  problem  it  is. 

From  a  race  standpoint  we  do  not  know  what  it  means.  We  know 
perfectly  well  that  if  we  were  going  to  breed  a  better  line  of  horses 
we  would  not  go  down  to  Central  America  and  bring  mongrel  ponie? 
here.    We  would  go  to  Europe  and  get  the  best  stock  we  could  find. 

There  are  many,  many  sources  of  inunigration  in  Europe — ^people 
who  would  be  glad  tp  come — those  that  we  can  assimilate — and  it  is 
that  class  of  the  population  that  should  be  encouraged  and  the  other 
class  should  be  discouraged.  The  sick  and  disabled,  those  suffering 
from  excludable  diseases,  should  be  kept  out  of  the  country.  Wo 
have  not  been  so  fortunate  in  this  respect  as  we  should  be.  There 
have  been  cases  landed  in  this  country  who  are  excludable  under  the 
law,  and  by  reason  of  the  conditions  of  war  they  were  not  returned. 
They  left  with  us  seeds  here  and  there  of  defective  stock.  I  do  not 
know  that  there  is  anything  this  conference  can  do  with  respect  to 
these  matters.  It  is  a  Federal  problem;  but  if  the  conference  and 
those  interested  felt  that  the  people  of  the  country  realized  the 
problem  that  confronts  them  and  could  support  their  hands,  I  dare 
say  our  laws  would  be  more  stringent,  and  we  would  be  assured  of 
their  better  enforcement. 

Doctor  ScHEREscHEWSKY.  Is  there  any  discussion?  If  not,  we 
will  take  up  the  last  subject  on  the  program,  "Rabies  eradication 
by  vaccination  of  dogs." 
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RABIES  ERADICATION  BY  VACCINATION  OF  DOGS. 

Doctor  SriMflON.  Mr.  Chairman  and  members  of  the  conference,  a 
little  over  a  year  ago  three  Japanese  investigators  reported  tliat 
they  had  a  method  for  immunizing  dogs  against  rabies.  They  sup- 
ported this  by  laboratory  experiments  and  tried  it  out  #n  a  large 
scale.  Some  15,000  dogs  were  immunized.  These  were  pet  animals, 
and  up  to  the  length  of  the  period  of  observation  they  reported  that 
not  a  case  of  rabies  had  appeared  among  these  immunized  animals. 

At  least  one  manufacturer  of  biologic  products  in  the  country 
took  up  thk  matter  experimentally  to  begin  with,  and  the  experi- 
ments indicate  that  the  findings  of  the  Japanese  can  be  supported. 
They  have  already  put  on  the  market  a  preparation  which  can  be 
used  and  is  being  used  by  owners  of  valuable  pet  animals. 

Now,  the  question  I  would  like  to  put  to  the  conference  is.  Is  it 
possible  that  this  method  may  be  employed  for  the  widespread  im- 
munization of  the  dog  population  and  may  it  prove  a  valuable 
weapon  in  the  suppression  of  rabies?  In  some  areas  the  losses  from 
rabies  are  very  considerable.  The  principal  loss,  of  course,  is  live 
stock.  The  second  loss,  I  suspect,  in  actual  money  value  is  in  the 
amount  which  must  be  expended  for  the  treatment  of  exposed  per- 
sons. The  third  loss  is  the  actual  loss  of  life  computed  in  dollars 
and  cents.  This  is  a  relatively  small  item,  because  the  Pasteur 
treatment  is  usually  successful.  I  suppose  that  a  good  many  States 
are  expending  a  good  deal  of  money  in  measures  intended  to  in  some 
way  combat  rabies,  but  these  methods,  I  think,  are  usually  ineffectual, 
except  that  they  do  limit  the  number  of  human  deaths. 

It  occurs  to  me  that  if  the  contention  of  the  Japanese  investigators 
i5  correct,  that  by  a  single  injection  of  this  preparation  a  dog  can 
be  almost  permanently  immunized,  there  may  be  the  means  of  fight- 
ing the  disease  which  will  prove  economical  and  practical. 

I  would  like  to  leave  the  questicm  with  the  members  of  the  con- 
ference to  see  whether  in  their  own  States,  granted  the  method  is 
pnuiicable  from  a  purely  scientific  standpoint,  it  would  save  them 
money  and  add  to  their  prestige  in  getting  rid  of  a  disease,  or  be  a 
practical  thing  to  put  into  operation.  At  the  present  time,  of  course, 
•11  States,  or  I  suppose  many  of  them  at  least,  have  regulations  re- 
garding the  licensing  of  dogs.  I  suppose  they  are  very  commonly 
evaded.  In  country  districts  you  will  find  five  dogs  on  a  farm  and 
none  hcensed  at  all. 

Suppose  it  were  possible  to  drive  up  to  a  farmhouse,  to  go  to  the 
farmer  and  say,  "  Have  you  ever  lost  any  stock  from  hydrophobia  or 
rabies?"  I  think  in  many  cases  you  would  get  a  positive  reply.  In 
some  places  you  could  hardly  go  to  any  farmhouse  without  getting 
a  positive  reply.  If  you  could  say  to  this  man,  "  We  have  in  the 
wagon  some  stuff  that  will  immunize  your  dogs ;  they  will  not  have 
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rabies  any  more,  and  at  the  same  time  we  are  willin«{  to  indicate  that 
these  dogs  are  protected  by  putting  a  tag  on  tliem,''  I  think  such  a 
proposition  might  meet  with  success.  Heretofore  I  Imve  lieaini  it 
said  that  if  you  went  into  a  country  district  and  tried  to  round  up 
dogs,  an(i  tried  to  make  people  pay  their  license,  and  put  a  tag  <in 
them,  you  had  to  send  an  army  along  with  the  inspector  to  protect 
him.  Otherwise  he  would  be  shot  within  a  few  miles.  That  state- 
ment was  made  to  me  by  an  inspector  of  a  State  live-stock  lioard.  I 
think  that  is  practical,  but  I  would  like  to  leave  it  to  the  conference. 

The  work  of  the  Japanese  seems  to  be  good.  We  have  not  done 
any  experimental  worii  with  it  as  yet,  and  I  do  not  think  it  is  worth 
while  doing,  unless  the  State  h(»alth  officers  report  t<i^is  it  would 
be  a  practical  method,  provided  it  was  confirmed  that  you  could 
immunize  dogs  in  this  manner. 

Doctor  Welch.  How  many  doses  do  you  have  to  give  to  a  dog^ 

Doctor  Stimson.  One. 

Doctor  ScHERESciiEWSKY.  Is  there  any  discussion  if 

Doctor  Beattt.  Early  in  1917  rabies  entered  Utah,  never  having 
been  known  to  have  existed  there  before.  It  had  been  introduced 
in  southern  California  some  years  earlier,  spi'eading  through  the 
State  into  the  other  Pacific  States  and  by  way  of  Nevada  into  Utah. 
Much  damage  had  been  experienced  and  the  prevalence  of  the  dis- 
ease was  very  extensive. 

A  conference  was  called  by  the  Surgeon  General  in  Salt  Lake 
City,  attended  by  State  health  officials  of  Pacific  and  intermountain 
States  to  consider  ways  and  means  of  prevention.  It  was  recog- 
nized that  a  difficult  and  unusual  problem  was  presented  by  the  fact 
that  coyotes  and  other  predatory  animals  were  numerous  throughout 
the  region  and  that  measures  looking  to  their  destruction  were 
essential. 

Following  the  conference  the  United  States  Biological  Survey 
joined  forces  with  the  State  and  an  effective  campaign  against  preda- 
tory animals  has  since  been  waged  with  considerable  success.  The 
attempt  to  enforce  the  muzzling  of  dogs  has  proved  ineffective, 
partly  because  of  the  lack  of  public  sentiment  notwithstanding  the 
very  large  loss  of  live  stock,  and  the  fact  that  more  than  150  people 
in  Utah  have  been  bitten  by  rabid  animals.  There  have  been  three 
'fatalities,  only  one  of  whom  had  received  antirabic  treatment,  and 
we  are  unable  to  vouch  for  the  administration  in  this  case,  as  it  was 
not  given  by  the  board  of  health. 

With  the  exception  of  a  very  few  cases  the  treatment  was  admin- 
istered by  the  board,  for  the  greater  part  using  material  furnished 
by  the  United  States  Public  Health  Service.  Doctor  McCoy  may 
be  interested  to  know  that  in  one  of  the  exceptional  cases,  where  the 
material  was  sent  to  an  outside  doctor,  the  entire  first  half  of  the 
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treatment  was  giyen  at  one  dose  without  apparent  ill  effect.  In 
another  case  the  glycerine  in  the  bottles  instead  of  the  sections  of 
it)rd  was  injected. 

The  prophylactic  inoculation  of  dogs  appeals  to  me ;  but  what  are 
we  going  to  do  about  the  coyotes  which  continue  to  be  our  worst 
problem  ? 

Doctor  Stili-:8.  The  suggestion  is  pai-ticularly  opportune  at  this 
time.  The  live-stock  industries  of  the  country  are  thoroughly 
awakened  to  the  importance  of  the  dog  in  the  transmission  of  dis- 
ease. 

Doctor  Wel^ch.  The  Georgia  State  Board  of  Health  some  two 
years  ago  made  a  survey  of  the  country  and  issued  a  statement  to  the 
effect  that  rabies  was  moi*e  prevalent  in  Virginia,  North  Carolina, 
South  Carolina,  Tennessee,  Georgia,  Florida,  Alabama,  and  Missis- 
sippi than  in  all  the  balance  of  the  United  States. 

It  is  a  very  serious  problem  in  the  State  of  Alabama  and  the 
South,  and  if  it  is  possible  to  vaccinate  the  dogs  against  it  we  can 
solve  the  problem. 

I  am  very  sorry  that  I  have  strapped  up  my  charts,  because  I  have 
a  \*en'  giaphic  outline  on  the  work  which  has  been  done  in  Alabama. 
I  will  say  to  Doctor  Beatty  that  it  does  not  make  any  difference 
how  well  you  treat  them,  a  few  of  them  are  going  to  die.  We  lose 
on  an  average  1  in  900.  We  treated  as  many  as  1,800  parties 
bitten  without  a  death,  and  then  lost  2  right  together.  Our  aver- 
age is  1  in  900  people  treated.  We  treated  anywhere  from  thrfee 
to  foui;  hundred  a  year,  and  we  have  lost  during  that  time  since  the 
establishment  of  the  Pasteur  Institute  five  or  six — I  have  forgotten 
the  exact  number — and  during  that  time  there  have  been  22  people 
in  Alabama  who  died  who  were  not  treated.  The  theory  is  if  the 
tooth  of  the  dog  penetrates  a  nerve  sheath  the  man  is  going  to  die. 
All  the  cases  that  we  have  lost  have  been  bitten  about  the  f Ace  or 
hands.  In  every  case  that  comes  to  us  bitten  in  the  face  we  push  the 
doee  to  the  verge  of  tolerance,  but  even  then  we  lose  the  majority  of 
them.  We  are  more  fortunate  when  they  are  bitten  about  the  hands, 
but  wherever  they  are  bitten  about  the  fingers  or  on  an  exposed 
surface  we  push  the  dose  to  the  verge  of  tolerance. 

If  it  is  poasible  to  immunize  dogs,  it  seems  to  me  the  problem  has 
l)ceD  solved.  It  should  not  be  difficult  to  obtain  laws  compelling  the 
immunization  of  the  dog  population.  I  would  like  to  see  the  United 
States  Public  Health  Service  prove  beyond  question  the  truth  of 
this  proposition. 

Doctor  Garrison.  May  I  ask  the  name  of  the  biologic  house  that 
is  putting  out  that  preparation? 

Doctor  McCJoRMACK.  Lederle;  and  it  passes  through  the  Bureau 
of  Animal  Industry. 
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Doctor  Welch.  It  is  staiadardize<l,  is  it? 

Doctor  McCoRMACK.  It  is  standardized. 

Doctor  ScHERESCHEWSKY.  Is  there  any  further  discussion?  If 
not,  I  will  ask  Doctor  Stimson  to  close. 

Doctor  Stimson.  I  am  glad  the  subject  of  coyotes  was  mentioned, 
because  I  suppose  there  are  comparatively,  few  people  bitten  directly 
by  coyotes.  They  are  bitten  by  dogs,  which  in  turn  were  bitten  by 
coyotes.  If  dogs  were  immunized  they  would  not  have  become  rabid 
and  the  bites  would  not  have  caused  rabies. 

Doctor  Welsh.  Where  do  you  introduce  the  virus  ? 

Doctor  Stimson.  Under  the  skin ;  it  is  subcutaneous. 

There  is  one  thing  I  did  not  mention,  and  that  is  that  in  any 
campaign  against  rabies  there  have  got  to  be  taken  into  account  the 
wandering  and  ownerless  dogs;  but  how  are  you  going  to  tell  the 
wandering  and  ownerless  dogs?  They  used  to  send  out  and  kill 
all  wandering  dogs  having  no  collar  on  or  evidence  of  the  owner, 
but  in  some  sections  of  the  country  it  is  not  practical  to  do  that,  and 
in  others  it  is  not  safe. 

It  is  possible,  if  the  immunized  dog  could  be  identified  by  scnne 
sort  of  fairly  conspicuous  tag,  showing  he  was  immunii^ed,  it  would 
render  the  problem  of  dealing  with  ownerless  dogs  a  little  easier, 
because  after  this  campaign  is  pushed  through  the  country  to  get 
people  to  immunize  their  dogs,  and  they  have  been  told  about  it, 
you  would  have  greater  justification  for  killing  off  the  wandering 
population  of  dogs,  which  will  be  a  menace  until  it  is  controlled. 

Doctor  ScHERESCHEWSKY.  Is  thcTc  any  further  discussion?  If 
not,  I  declare  this  twentieth  animal  conference  of  the  State  and 
Territorial  Health  Officers  of  the  United  States  Public  Health  Service 
is  concluded. 

The  Chair  speaks  for  the  Surgeon  General,  who  is  unavoidably 
absent,  and  thanks  you  for  your  attention,  and  hopes  this  confer- 
ence will  be  as  productive  of  valuable  results  as  the  conferences  have 
been  in  the  past. 

A  motion  to  adjourn  will  be  in  order. 

(A  motion  was  made  to  adjourn,  which  was  duly  seconded  and 
carried,  and  the  conference  of  the  State  and  Territorial  Health  Offi- 
cers with'the  United  States  Public  Health  Service  adjourned  at  5 
o'clock.) 
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VI  INTRODUCTION. 

Successful  disease  control  depends  largely  on  education  of  the 
public,  and  particularly  on  the  education  of  those  who  have  the 
direction  of  the  traveling  public.  Doctor  Crowder's  work  will  be 
of  great  assistance  in  that  education. 

Victor  G.  Heiser, 
SurgeoUj  United  States  Public  Health  Service. 
November  6,  1922. 
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THE  COMMUNICABLE  DISEASES. 

Communicable  diseases  are  of  many  kinds,  but  they  have  some 
things  in  common :  They  are  all  caused  by  living  organisms  growing 
AS  parasites  in  the  bodies  of  affected  persons;  they  are  transmitted 
only  by  a  material  transfer  of  the  causative  organism,  which  must 
be  still  alive  and  virulent;  and  each  case  comes  from  a  previous 
case  of  the  same  kind.  An  epidemic  or  an  outbreak  is  only  a  con- 
tinuing chain  of  infection.  In  a  few  diseases  only  it  may  pass  from 
animals  to  man;  but  most  of  the  commimicable  diseases  of  man 
are  peculiar  to  man  alone,  and  if  we  could  make  impossible  any  trans- 
fer of  the  causative  organisms  from  infected  to  well  persons,  the 
infecting  chains  could  not  be  formed  and  the  infection  could  not  go  on. 

These  facts  are  fundamental  to  communicable  disease  control.  The 
sanitarian  tries  to  destroy  the  links  of  the  connecting  chains  of 
infection.  In  order  to  succeed,  he  must  know  where  the  origin  is  and 
how  the  links  are  formed.  In  some  of  the  communicable  diseases 
we  know  in  great  detail  just  where  the  contacts  lie  and  how  the 
infection  passes.  There  may  be  only  a  single  way  of  linking  one 
case  with  another,  as  through  the  bite  of  an  insect,  in  which  case 
the  means  of  prevention  are  clear.  In  others,  while  we  know  the 
causative  organism,  where  it  exists  in  the  body,  and  how  it  is  shed 
off,  there  are  a  multitude  of  possible  routes  by  which  it  may  reach 
a  second  person,  and  prevention  is  correspondingly  complex  and 
diflBcult.  In  others  still,  there  are  many  obscurities;  for  neither  the 
causative  organism  nor  the  ways  of  its  transference  have  been 
accurately  determined,  and  we  can  deal  with  them  only  by  their 
analogies  to  diseases  which  are  better  known.  Many  times  these 
analogies  are  so  clear  as  to  leave  little  doubt  of  the  general  facts 
concerning  transmission,  but  there  will  always  remain  some  uncer- 
tainty until  further  studies  have  given  us  more  definite  knowledge. 

METHODS  OF  TRANSMISSION. 

Everyone  is  familiar  with  the  old  belief  that  diseases  are  con- 
tracted from  filth,  foul  air,  effluvia,  and  the  miasmas  arising  from 
swamps.  Even  yet  many  people  believe  this,  though  there  is  no 
longer  any  excuse  for  their  doing  so  except  ignorance  of  ascertained 
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facts.  Yellow  fever  was  long  looked  upon  as  a  perfect  example  of 
contagion  from  filth  and  effluvia;  in  no  other  case  was  the  demonstra- 
tion apparently  so  clear;  and  the  most  elaborate  precautions  were 
taken  in  subjecting  to  renovating  processes  baggage  and  cargoes 
from  infected  ports.  It  is  even  said  that  an  assiduous  quarantine 
officer  once  deemed  it  necessary  to  disinfect  a  barrel  of  carbolic 
acid.  But  now  we  know  that  yellow  fever  is  conveyed  by  the  bite 
of  a  particular  kind  of  mosquito  after  feeding  on  the  blood  of  a 
yellow-fever  patient,  and  in  no  other  way.  Baggage,  old  clothes, 
or  fflth  of  any  sort  have  nothing  to  do  with  it,  except  in  so  far  as 
they  may  be  resting  places  for  mosquitoes,  and  the  most  rigid  cleanli- 
ness is  of  no  avail  if  the  infected  mosquito  is  allowed  to  be  abroad* 
Malaria  was  the  basis  of  our  belief  in  the  miasmatic  origin  of  disease, 
and  here,  too,  the  proof  seemed  to  be  conclusive;  but  we  now  know 
that  the  malarial  miasma  is  nothing  more  intangible  than  another 
kind  of  mosquito,  after  it  has  sucked  the  blood  of  a  person  who  has 
malaria.  The  disease  is  conveyed  by  the  bite  of  the  mosquito  and 
is  not  in  nature  conveyed  in  any  other  way.  All  this  has  been  so 
clearly  demonstrated  by  numerous  experiments  that  it  admits  of 
no  further  doubt;  and  if  we  could  destroy  all  the  mosquitoes  of  the 
varieties  concerned,  there  could  be  no  more  cases  of  either  of  these 
diseases.  In  the  same  way  it  has  been  shown  that  plague  is  trans* 
mitted  by  fleas,  typhus  fever  by  body  lice,  Rocky  Mountain  spotted 
fever  by  a  certain  species  of  tick,  and  a  few  other  diseases  by  still 
other  insects. 

But  most  of  the  infectious  diseases  have  modes  of  transmission 
that  are  more  direct,  and  if  insects  play  a  part  it  is  incidental  and 
not  essential.  In  such  diseases  as  typhoid,  cholera,  and  dysentery 
the  causative  organisms  are  discharged  from  the  body  with  the  feces 
and  the  urine,  and  the  diseases  are  contracted  by  the  ingestion  of 
food  or  drink  which  has  become  contaminated  with  these  discharges, 
or  by  getting  into  the  mouth  anything  which  has  been  soiled  by 
them.  The  common  fly  may  be  concerned  in  this  contamination, 
but  only  by  carrying  infectious  filth  mechanically  and  depositing  it 
on  our  food.  In  another  group  the  secretions  from  the  mouth,  nose, 
and  throat  contain  the  organisms,  and  the  diseases  are  transmitted 
by  these  bacteria-laden  discharges  when  they  are  conveyed  to  the 
mouths  or  respiratory  passages  of  other  individuals.  These  are  the 
sputum-borne  diseases — a  large  and  important  group  which  includes 
most  of  the  diseases  conmionly  known  as  contagious.  In  yet  another 
group — the  venereal  diseases — the  infecting  agents  are  found  in 
the  genital  secretions  or  in  discharges  from  genital  lesions,  and  the 
diseases  are  conveyed  to  other  people  as  a  rule  by  these  discharges. 
In  a  few  commimicable  diseases  the  causative  organisms  are  given 
off  in  the  discharges  from  open  sores,  and  the  diseases  are  transmitted 


COMMinaCABLE  DISEASES  AND  TRAVEL.  8 

bj  such  discharges  finding  their  way  into  scratches^  cuts  or  abrasions 
on  the  bodies  of  other  persons. 

Eren  after  it  became  known  that  the  so-called  contagious  diseases 
are  caused  by  living  bacteria,  it  was  still  supposed  that  external 
objects  play  a  large  part  in  their  transmission:  that  houses  become 
infected;  that  books,  old  clothes,  beds,  carpets,  and  fiuTiiture  harbor 
the  organisms  indefinitely  and  transmit  disease  through  the  air  after 
days  or  weeks  or  months;  that  filth  and  refuse,  and  the  soil,  are 
farorable  culture  grounds  for  disease  germs  and  are  potent  agencies 
in  keeping  infections  going.  Thanks  largely  to  the  work  of  Chapin^ 
in  collecting  aiul  interpreting  the  evidence,  we  now  know  that  these 
things  are  of  very  minor  significance.  There  is  no  longer  any  reason 
to  believe  that  the  vast  majority  of  disease-producing  bacteria 
derelop  apart  from  their  human  host  imder  ordinary  conditions, 
or  that  any  of  them,  even  under  the  most  favorable  circumstances, 
have  more  than  a  very  limited  growth  outside  the  body.  In  the 
mam  they  are  obligate  parasites;  that  is,  they  grow  and  reproduce 
themselves  only  in  the  favorable  soil  of  the  secretions  or  tissues  of 
the  body  of  their  host.  Furthermore,  it  has  been  proved  that  the 
bacteria  of  most  of  the  infectious  diseases  die  off  quickly  under  the 
mfluence  of  drying  and  light,  and  have  but  a  short  life  when  discharged 
bom  their  natural  soil  in  the  body.  Objects  that  are  infected  with 
(iisease-producing  bacteria  are  capable,  therefore,  of  transmitting 
disease  for  only  a  short  time;  and  then  only  by  such  intimate  contact 
as  will  bring  about  the  transference  of  their  contained  or  adherent 
organisms  into  the  bodies  of  new  individuals,  by  the  hands  or  in 
other  ways.  For  bacteria  are  solid  bodies,  with  weight  and  substance; 
they  can  not  fly  about  of  their  own  accord  or  travel  through  the  air 
(maided;  they  go  only  where  they  are  mechanically  carried. 

IMPORTANCE  OP  CONTACT. 

With  the  exception  of  the  diseases  that  are  conveyed  by  insects 
and  the  few  that  are  commonly  borne  by  contaminated  water  or 
milk,  the  accumulating  evidence  is  making  it  more  and  more  evident 
thai  the  majority  of  transmissible  infections  are  passed  with  relative 
directneBS  from  one  person  to  another.  Just  as  we  were  long  ago 
t^napelled  by  increasing  knowledge  to  give  up  leaky  plumbing, 
sewer  gas  and  rotten  potatoes  as  original  causes  of  communicable 
dkeaaeB,  so  are  we  now  compelled  to  give  up  analogous  things  as 
•gnts  of  their  transmission.  The  facts  all  point  toward  the  relative 
vmniportance  of  the  environment,  and  toward  the  relative  importance 
(4  the  infected  human  agent.  We  are  coming  to  imderstand  that 
paopte  themselves  are  the  chief  agents  of  disease  transmission  as  well 
A  the  only  sources  of  infection,  and  that  the  thing  of  most  importance 

CbipiD,  Soazcm  «a<3  Modes  o(  Infection,  N.  Y.,  1912. 
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is  the  actual  presence  of  the  infected  person.  The  most  frequent 
way  in  which  his  infection  is  passed  on  to  another  is  through  tlie 
relatively  short  and  direct  channel  of  contact.  It  should  be  emphasized 
here  that  simple  proximity  is  of  relatively  small  importance.  Ap- 
proach may  be  very  near  and  still  be  entirely  free  from  danger  if 
no  contact  is  established. 

But  contact  in  this  sense,  and  as  now  commonly  used  in  discussions 
of  public  hygiene,  means  more  than  actual  touch  between  persons. 
It  means  rather  contact  with  infected  secretions  while  they  are 
still  fresh  and  virulent,  whether  still  on  the  person  who  produces 
them  or  on  things  that  he  has  soiled,  its  essential  feature  being  that 
it  is  nearly  related  in  time  and  space  to  the  escape  of  the  infectLog 
agents  from  the  infected  body.  But  contact  alone,  as  of  the  hands, 
with  disease-producing  bacteria  is  not  suflScient  to  bring  about 
disease-producing  infection;  the  organisms  must  find  their  way  into 
the  bodies  of  their  new  victims.  As  a  rule  they  can  not  enter  throu^ 
the  intact  skin.  They  must  be  implanted  on  a  moist  mucous  mem- 
brane, directly  by  the  fingers,  or  with  food  and  drink,  or  in  some 
other  way,  before  they  can  produce  a  disease. 

Contact  infection  of  the  form  referred  to  may  be  brought  about  in 
many  ways.  Its  classical  example  is  found  in  the  mouth  to  mouth 
contact  of  kissing,  but  others  which  are  less  direct  are  in  the  aggregate 
vastly  more  important.  When  we  cough,  or  sneeze,  or  speak  very 
loud,  we  expel  a  finely  divided  and  invisible  spray  of  the  secretions 
of  the  mouth  or  respiratory  passages  into  the  air  about  the  face. 
Unless  borne  up  by  currents  of  air  this  spray  is  not  carried  more 
than  a  few  feet,  and  it  rapidly  settles  upon  the  floor  or  surrounding 
objects  where  bacteria  soon  die;  but  if  someone  stands  near  enough 
to  breathe  immediately  into  his  limgs  our  spray-laden  expelled  air, 
he  may  breathe  in  also  the  droplets  that  we  have  expelled  and  may 
get  such  infections  as  we  have.  It  should  be  emphasized,  however, 
that  this  danger  disappears  in  quiet  breathing,  for  the  quietly  expired 
breath  contains  neither  droplets  nor  bacteria.  When  we  drink  from 
a  cup  we  leave  a  little  sahva  on  the  rim;  another  drinking  may 
swallow  our  bacteria,  which,  if  they  have  not  dried,  will  certainly 
still  be  virulent  and  readily  detached.  Fingers  soiled  with  urine 
or  feces  containing  typhoid  baciUi  may  be  carried  to  the  lips,  or 
in  handling  food  for  another's  consumption  may  contaminate  the 
food  and  transmit  typhoid  fever.  Sputum  deposited  on  the  floor 
may  get  onto  the  hands  and  be  carried  to  the  mouth,  or  it  may  be 
carried  away  on  the  shoe  soles  and  deposited  elsewhere  for  the 
soiling  of  other  hands.  The  practice  of  sneezing  into  the  hands  or 
blowing  the  nose  through  the  fingers  always  contaminates  the  hands 
with  nasal  secretions,  and  shaking  hands  with  another  person  may 
transfer  to  him  an  unseen  but  stLQ  an  infectious  portion  of  suc!li 
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secretioiis.  A  child  may  mouth  a  toy  which  has  touched  an  infected 
tumd,  or  which  has  been  picked  up  from  a  floor  where  infected 
sputum  lies. 

These  are  only  a  few  of  the  ways  by  which  contact  may  be  estab- 
liebed.  The  hands  are  the  most  frequent  offenders.  Few  people 
realiie  the  multiple  activities  of  their  hands,  or  the  number  of  times 
they  touch  foreign  objects  and  their  own  lips  and  noses.  A  recent 
record  by  Palmer'  showed  in  a  single  ordinary  day  92  opportimities 
for  infecting  his  own  hands  directly  by  contact  with  other  hands 
V  with  articles  just  handled  by  others,  14  opportunities  for  infecting 
hine^  from  his  own  hands  by  carrying  them  to  the  nose  or  mouth, 
ukI  17  opportunities  by  carrying  to  his  mouth  articles  possibly 
infected  by  others.  This  is  probably  not  more  than  is  usual  for  nor- 
mally active  people.  According  to  Rosenau,*  probably  90  per  cent 
of  aD  infections  are  taken  into  the  body  by  the  mouth  from  the  hands 
vith  food  and  drink,  by  the  droplets  expelled  in  coughing,  or  directly 
bv  kissing  and  fondling. 

The  essential  factor  in  the  prevention  of  communicable  diseases 
b.  then,  the  supervision  of  individuab  having  disease  germs.  Their 
bodfly  wastes  and  discharges  must  be  so  disposed  of  that  they  will 
Dot  contaminate  the  air  or  the  food  or  the  drink  that  is  to  be  taken 
into  the  bodies  of  other  individuals;  but  chiefly  they  must  be  so 
lestnined  that  they  can  not  transmit  their  bacteria  to  healthy 
people  by  direct  or  indirect  contact.  The  proof  of  the  importance 
of  (xmtact  has  brought  about  great  changes  in  methods  for  the 
ooatrol  of  communicable  diseases.  It  has  directed  attention  to  the 
iodiTidual  and  his  habi^  and  away  from  the  condition  of  his  sur- 
nmndings.  While  this  has  made  the  matter  simpler,  by  narrowing 
the  taiget  at  which  efforts  must  be  aimed,  it  has  scarcely  made  the 
froblem  easier  of  solution;  for  to  control  the  habits  of  the  individual 
to  the  end  that  he  may  not  contaminate  with  his  secretions  the 
Ihmgs  that  are  about  him  is  a  very  difficult  matter. 

CARRIERS  AND  MISSED  CASES. 

Akmg  with  the  demonstration  of  the  part  played  by  contact  with 
ill  persons  in  the  transmission  of  the  communicable  diseases,  we  have 
iiw  learned  that  there  are  many  infected  persons  who  are  not  sick, 
lod  others  who  are  only  so  slightly  ill  that  their  infections  are  not 
wepected.  These  ''carriers"  and  "missed  cases"  complicate  the 
proUeiDs  of  prevention  enormously.  They  are  potential  sources 
M  new  cases  of  actual  disease,  just  as  are  the  cases  already  sick  and 
identified;  and  they  play  a  large  part  in  keeping  infections  going, 
because  they  usually  fail  to  come  under  sanitary  supervision. 

I    '  f*iam,  Oi»s>artunlties  for  Contact  Infection,  Amer.  Jour.  Public  Health,  April,  1919,  ix,  267. 
*  BoHDMi,  PrereotiTe  Medicine  and  Hygiene,  N.  Y.,  1916,  p.  366. 
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According  to  their  relation  to  cases  of  actual  illness,  there  are 
carriers  of  two  kinds,  which  have  been  classified^  as  active  and 
passive.  An  active  carrier  is  one  who  has  passed  through  and  recovered 
from  a  disease  but  who  has  failed  to  shed  all  of  his  infecting  organisnis. 
Most  cases  of  infectious  diseases  remain  active  carriers  for  a  short 
time  after  clinical  recovery,  some  of  them  remain  so  for  long  periods, 
and  a  few  become  permanent,  or  chronic  carriers,  continuing  to  be 
%  menace  and  a  source  of  infection  to  well  persons.  Missed  cases 
*ct  in  this  regard  like  those  who  are  acutely  sick.  A  passive  carrier 
is  One  who  harbors  in  his  body  the  virulent  oiganisms  of  a  disease 
/l-om  which  he  has  never  suffered  any  illness — who  has  become 
infected,  and  in  whose  body  the  infecting  organisms  grow,  but  whose 
resistance  or  natural  immunity  is  so  hi^  that  the  infection  does 
not  cause  the  development  of  a  disease.  Under  like  circumstances 
we  are  all  about  equally  liable  to  infection;  that  is,  to  the  getting 
of  disease  germs  into  our  bodies;  but  individual  resistance  acd 
susceptibility  vary  in  a  high  degree,  so  that  from  a  given  infectioD 
one  person  may  develop  a  disease  while  another  may  only  become 
a  passive  carrier  of  disease  germs,  and  another  still  may  throw  off 
the  germs  entirely.  Passive  carriers  are  not  infrequently  found 
among  those  who  are  in  close  association  with  an  acute  case  of  4 
conununicable  disease. 

Like  the  active  carriers,  they  may  soon  become  rid  of  their  gemi^ 
and  return  to  the  normal  state;  but  some  of  them  continue  to  harbot 
and  expel  dangerous  organisms  through  long  periods;  and  it  somei 
times  happens  that  they  themselves  later  fall  victims  to  the  veri 
organisms  which  they  have  long  harbored  without  harm  and  develop 
the  diseases  which  these  organisms  cause. 

As  knowledge  of  carriers  has  developed  it  has  become  apparent 
that  there  are  many  of  them,  but  the  number  varies  greatly  in  dif^ 
ferent  diseases.  It  has  long  been  known  that  a  large  proportion  ol 
the  people,  from  20  to  50  per  cent  of  them,  have  pneumococci 
in  their  mouths.  While  many  of  these  pneumococci  have  little  01 
no  virulence,  many  are  known  to  be  highly  virulent  and  quite  capabk 
of  producing  disease  in  an  experimental  way.  *^During  outbreaks  o| 
cerebrospinal  meningitis  the  nimiber  of  carriers  may  be  from  10  U] 
30  times  as  numerous  as  the  number  of  cases.  Even  when  diphtheria 
is  not  prevalent  1  per  cent  of  the  popidation  may  be  carrying  th^ 
bacilli,  and  during  outbreaks  the  number  may  be  several  time^ 
greater.  Probably  25  per  cent  of  all  typhoid  fever  cases  excreU 
baciUi  for  some  weeks  after  convalesence,  and  it  is  estimated  tha^ 
from  1  in  500  to  1  in  250  of  the  population  are  chronic  carriers^ 
What  little  evidence  there  is  indicates  that  carriers  are  as  numerous 

in  cholera  and  dysentery  [in  those  regions  where  these  diseases  aW 

— -• 

<  ^^iraon,  Human  Infection  Carriers,  Philadelphia,  1919. 
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endemic]  as  they  are  in  typhoid  fever/'  •  In  malaria,  carriers  are 
known  to  be  very  numerous,  and  a  considerable  proportion  of  the 
cases  of  venereal  diseases  become  chronic  and  remain  infectious  for 
a  long  time.  At  the  other  extreme  are  measles  and  smallpox,  where 
the  evidence  seems  to  show  that  the  carrier  state  is  rare. 

While  we  have  not  enough  evidence  to  show  clearly  just  what  is 
the  relative  importance  of  carriers  and  of  sick  cases  m  the  spread  of 
the  communicable  diseases,  there  is  ample  epidemiologic  evidence 
that  healthy  carriers  may  be  the  source  of  well  marked  outbreaks 
of  some  of  the  most  common  of  them.  And,  as  Chapin  says,  '^any 
scheme  of  ultimate  control  which  fails'  to  take  into  consideration 
carriers  and  missed  cases  is  doomed  to  at  least  partial  failure."  A 
practical  plan  to  discover  and  cure  carriers  is  indeed  one  of  the  most 
iirgent  needs  of  sanitary  science  at  this  time.  The  railroads  can 
wither  discover  them  nor  prevent  their  traveling. 

TRANSPORTATION  OF  PERSONS  HAVING  COMMUNICABLE 

DISEASES. 

The  control  of  communicable  diseases  on  the  railways  does  not 
liffer  in  its  essential  features  from  their  control  in  other  places.  It 
evolves  (1)  supervision  of  the  person  who  is  known  to  be  infected, 
ither  by  preventing  his  traveling,  or  by  such  measures  as  will  render  • 
lis  presence  on  a  train  harmless  to  others;  (2)  such  measures  of 
leanliness  and  general  hygiene  as  will  render  unlikely  the  indirect 
ransfer  of  imknown  infection  among  travelers  to  healthy  persons 
hrough  the  medium  of  such  things  as  towels,  drinking  cups,  and 
ther  objects  of  personal  or  common  use;  (3)  the  contiol  of  food 
nd  water  supplied  on  trains  and  at  stations,  to  the  end  of  ^issuring 
iieir  freedom  from  contamination  with  disease-producing  bacteria 
x)m  the  secretions  of  infected  people. 

TRAVEL  OF  UNKNOWN  CASES. 

Obviously,  when  food  and  water  have  been  made  safe,  the  simplest 
ad  most  direct  plan  of  further  protecting  those  who  travel  is  to 
eep  out  of  cars  all  persons  who  are  infected  with  the  oiganisms  of 
nmnunicable  diseases.  The  difficulty  in  applying  such  a  plan  is 
I  knowing  who  is  infected.  Patients  in  the  early  stages  of  measles^ 
hooping  cough,  scarlet  fever,  etc.,  before  evident  symptoms  have 
avdoped  and  before  the  patients  are  actually  ill,  may  enter  trains 
id  reach  their  journey's  end  without  anyone — ^fellow  travelers,, 
tilroad  employees,  or  sometimes  even  the  patients  themselves — be- 
g  aware  of  their  condition.  People  who  have  recently  been  exposed 
<  some  acute  infection  may  have  strong  grounds  for  believing  that 

Chftpifi,  Sources  and  Modes  of  Infection,  1912,  p.  132. 


8  COMMUNICABLE  DISEASES  AND  TRAVEL. 

they  are  coming  down  with  the  disease,  yet  may  imd^rtake  railrowl 
journeys  vdthout  regard  to  the  possible  danger  to  fellow  passengers 
Or  patients  in  whom  a  definite  diagnosis  of  a  communicable  dmm 
has  been  made  may  successfully  conceal  their  symptoms  and  trave 
without  recognition,  sometimes  even  with  the  consent  of  theij 
physicians,  thus  duplicating  a  situation  that  often  exists  in  citiq 
when  people  are  selfish  and  short-sighted  enough  to  conceal  casd 
developing  in  their  homes  for  fear  of  the  inconvenience  incurred 
through  quarantine.  Just  as  the  control  of  communicable  diseas^ 
in  cities  is  largely  dependent  on  the  conscientious  reporting  of  casd 
so,  too,  on  the  railroads  their  iontrol  depends  largely  on  the  conscienc 
of  the  patients  who  wish  to  travel. 

How  many  of  these  various  cases  are  carried,  and  what  hanf 
each  case  has  done,  is  of  course  unknown.  While  their  nimiber  ii 
the  aggr^ate  may  be  large,  they  can  not  be  more  than  a  very  smJ 
proportion  of  the  total  of  railway  travelers.  And  whatever  hazarl 
of  communicable  diseases  they  hold  for  well  persons  with  whoE 
they  come  in  contact  is  by  no  means  peculiar  to  railroad  travd 
but  exists  to  the  same  extent  in  all  public  places  where  people  asseni 
ble.  The  railroads  themselves  are  powerless  to  prevent  such  patieuj 
from  traveling.  They  are  bound  by  law  to  furnish  transportatid 
to  those  who  ask  for  it,  and  they  have  little  power  to  discrixninaj 
among  those  who  may  apply.  It  is  not  possible  for  them  to  refiM 
accommodation  except  under  well-defined  conditions,  which,  in  so  fi 
as  the  communicable  diseases  are  concerned,  must  include  a  definii 
diagnosis;  and  this  the  railroads  can  scarcely  be  prepared  to  mal 
under  the  ordinary  conditions  of  travel.  Their  employees  can  ha^ 
but  slight  knowledge  of  the  symptoms  of  such  diseases;  and  yet  tl 
public  health  laws  and  sanitary  regulations  of  some  of  the  Stat 
are  so  framed  as  to  put  on  the  railways  and  railwa}^  employees  tl 
whole  responsibility  for  preventing  travel  on  trains  of  persons  su 
fering  from  communicable  diseases.  This  makes  the  regulatio 
worthless  from  a  practical  standpoint,  or  of  value  only  in  cas 
where  the  symptoms  are  so  evident  that  doubt  is  impossible;  aJ 
under  such  circumstances  there  is  little  likeUhood  of  any  attend 
being  made  to  travel. 

While  it  is  entirely  proper  that  the  railroads  should  not  knowing 
accept  cases  of  communicable  diseases  for  travel  unless  proper 
safeguarded,  and  that  laws  should  embody  this  idea,  yet  legal  regu 
tion  should  also  fix  the  responsibility  where  it  really  belongs;  tl 
is,  upon  the  traveler  who  knows  or  suspects  that  he  is  infect] 
In  the  nature  of  things  he  is  the  one  most  likely  to  be  inform^ 
and  regulations  should  make  it  unlawful  for  him  to  apply  for 
accept  transportation  unless  his  disease  is  properly  announced  a 
safeguarded.   It  is  scarcely  necessary  to  add  that  the  same  conditi< 
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should  apply  to  the  parents  or  guardians  of  children  who  are  ill, 
or  to  anyone  in  charge  of  a  patient  afflicted  with  a  dangerous  com- 
municable disease. 

Legislation  to  this  purpose  has  been  passed  in  one  form  or  another 
in  many  of  the  States  and  has  been  embodied  in  the  inta^state 
quarantine  regulations  of  the  Federal  Grovernmenty  but  there  has 
heea  little  concerted  effort  to  enforce  its  provisions  or  to  make 
them  generally  known.  The  regulatory  measures  should  be  extended 
and  made  uniform^  so  that  all  parts  of  the  country  may  have  similar 
practices.  When  a  uniform  code  is  adopted  it  should  be  extensively 
printed  and  distributed,  so  that  both  railway  patrons  and  railway 
employees  may  learn  of  the  conditions  imder  which  travel  is  permitted 
and  know  how  to  comply  with  the  conditions  imposed.  It  is  not  to 
be  supposed  that  compliance  will  be  universal,  even  if  everyone 
is  informed,  but  regulations  in  this  matter  may  have  a  definite  and 
considerable  restraining  value  if  their  provisions  are  made  known  to 
and  impressed  upon  the  public.  In  all  administrative  efforts  to  con- 
trol communicable  diseases  success  is  won  slowly  and  is  largely  de- 
pendent on  the  general  diffusion  of  knowledge  concerning  what  is  the 
right  thing  to  do. 

There  will  remain  the  uncontrolled  and  uncontrollable  travel  of. 
carriers — uncontrollable  because  under  present  conditions  they  are 
largely  unknowable.  The  general  teaching  of  habits  of  personal  care 
regarding  the  dbposal  of  bodily  wastes,  especially  the  secretions  of  the 
nose,  mouth,  and  respiratory  tract,  will  do  something  to  lessen  their 
danger  in  railway  cars  as  elsewhere.  The  importance  of  such  habits 
in  the  practical  prevention  of  respiratory  diseases  is  so  well  demon- 
strated that  unusual  emphasis  upon  the  proper  disposal  of  sputum 
has  become  an  essential  element  in  all  effective  public  health  ad- 
ministration. Railway  travel  necessarily  involves  a  considerable 
amount  of  personal  proximity  among  a  miscellaneous  group  of 
persons.  They  should  all  be  informed  regarding  droplet  infection 
from  coughing  and  sneezing,  as  well  as  regarding  the  various  modes 
of  direct  and  indirect  contact  infection;  and  they  should  all  learn 
that  at  least  some  cases  of  infectious  diseases  may  be  prevented  by 
smothering  coughs  in  handkerchiefs,  by  spitting  only  in  cuspidors, 
and  by  maintaining  sputimi-free  hands  and  surroundings.  Such 
teaching  can  not  by  any  possibility  do  harm  and  it  may,  if  effectively 
followed,  do  much  good. 

TRAVEL  OF  KNOWN  CASES. 

The  railroads  are  sometimes  called  upon  to  carry  patients  known 
to  be  suffering  with  communicable  diseases,  and  there  often  seem 
to  be  good  reasons  why  they  should  do  so.  Should  transportation 
be  refused  to  all  such  cases,  or  can  their  transportation  be  so  safe- 
guarded that  there  is  no  danger  to  other  passengers  ? 
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In  the  present  state  of  our  knowledge  of  the  routes  of  infection 
and  methods  of  prevention,  it  is  theoretically  possible  to  safeguard 
a  known  case  of  any  disease  so  that  its  transport  will  be  safe.  Prac- 
tically,  however,  it  is  desirable  to  make  exceptions,  and  to  say  of 
certain  diseases  that  they  may  travel  imder  restrictions  while  others 
may  not  travel  at  all.  There  have  been  differences  of  opinion  among 
public  health  authorities,  and  more  among  law  make^,  as  to  just 
what  diseases  should  be  included  in  this  forbidden  group;  and  the 
r^ulatory  measures  have  been  various  in  consequence.  Some 
States  have  included  all  communicable  diseases,  without  name  or 
qualification;  others  have  included  by  name  most  of  the  common 
infections;  while  others  have  shorter  lists,  with  sometimes  strange 
combinations.  Indeed,  there  is  little  harmony  or  agreement  in  the 
laws  of  the  various  States  on  any  of  the  phases  of  communicaUe 
disease  control,  as  evidenced  by  the  fact  that  the  number  of  diseases 
which  they  designate  as  *' dangerous  to  the  pubUc  health"  and  bring 
imder  any  kind  of  regulation  varies  from  more  than  50  to  less  than  10. 

PERSONS  FORBIDDEN  TO  TRAVEL. 

While  the  tendency  of  the  State  laws  has  been  toward  a  very 
broad  prohibition  of  travel  by  persons  with  infectious  diseases,  there 
has  been  great  dissimilarity  in  the  methods  devised  to  make  their 
control  effective.  In  an  analysis  of  the  laws  and  regulations  con- 
cerning the  communicable  diseases  made  by  Kerr  and  Moll  "in  1913 
the  l^al  restrictions  of  travel  were  foimd  to  be  as  follows: 

Traveling  of  persons  with  communicable  diseases  is  specificially  forbidden  in  some 
States,^  and  in  others  ^  unless  authorized  by  the  health  authorities.  In  some  States 
the  transportation  of  such  persons  is  prohibited,'  or  it  is  made  punishable  to  bring 
them  into  the  State. ^°  In  others,  their  being  put  on  board  any  train  or  public  con- 
veyance,'' or  their  going  from  one  town  to  another  is  prohibited,'^  one  State  board  of 
health'^  being  specifically  authorized  to  restrain  or  prohibit  travel  of  persons  with 
communicable  diseases  on  public  conveyances.  Persons  with  communicable  diseases 
are  forbidden  to  enter  public  conveyances  in  many  States  either  absolutely  '^  or  unless 
they  make  known  the  fact  to  the  owner  or  driver,  who  must  disinfect  the  conveyance 
immediately  after  such  occupancy.'^  In  other  States,  by  regulations  of  State  boaids 
of  health,  persons  from  infected  premises  are  forbidden  to  enter  public  conveyances,'* 
or  persons  who  have  visited  such  premises  before  ent^ing  conveyances  must  disinfect 


«  Kerr  and  Moll,  PubUc  Health  Bulletin  No.  62,  Government  Printing  Office,  Washington,  1914. 

'  Indiana,  Kansas,  Mississippi. 

>  Kentucky. 

*  Indiana,  Kansas,  New  Jersey,  South  Carolina,  Texas,  Wisocnsin. 

10  Michigan,  Oregon. 

i»  Iowa. 

M  Vermont,  Virginia. 

u  Montana. 

i«  Arizona,  Connecticut,  Florida,  Georgia,  Idaho.  Indiana,  Kentucky,  Michigan,  Mlonesota.  MoDtana, 
New  Jersey.  North  Dakota.  Ohio,  Oregon,  Pennsylvania,  South  Dakota,  Tennessee,  Texas,  Utah,  Wash- 
ington,  Wisconsin. 

^  District  of  Columbia,  Louisiana,  Maine,  Maryland,  Pennsylvania. 

>«  llUnoLs,  North  Dakota. 
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thflir  dothee  and  obtain  the  penniBBLon  of  the  health  authorities.'^  «^  «  «  Penons 
coming  from  infected  territory  may,  by  express  authority  in  law,  be  restrained  from 
triTeling  by  local  health  authorities  in  many  States;'^  while  in  various  States  it  is 
specifically  provided  that  removal  of  infected  or  exposed  persons  from  place  to  place 
cm  only  be  made  with  the  consent  of  the  local  health  authorities, ''  or  either  the  State 
or  local  health  authorities.^ 

^ce  tlus  analysis  was  made  there  have  been  some  changes  and 
ftdditions  which  invalidate  the  quoted  summary  as  a  guide  to  legal 
action;  these  will  be  referred  to  later;  but  to  a  large  extent  the  matter 
stands  now  as  it  did  then,  State  laws  remaining  variable  and  in- 
harmonioiis  when  they  should  be  uniform.  Health  and  diseases  do 
not  recognize  State  limits;  neither  should  the  regulations  which 
8eek  to  control  them  change  when  these  limits  are  passed.  Even 
health  officer8  have  not  encyclopedic  minds  for  sanitary  law,  and 
we  can  scarcely  expect  of  travelers  and  transportation  agents  that 
they  will  learn  a  new  set  of  sanitary  rules  each  time  they  cross  a 
State  border.  It  is  true  that  the  National  Government  may,  and 
to  some  extent  actually  does,  regidate  interstate  quarantine;  but 
under  our  system  of  government  the  State  must  remain  the  chief 
legislative  unit,  and  only  when  State  enactments  become  uniform 
may  we  hope  for  the  development  of  such  a  general'  knowledge  of 
quarantine  regulations  as  will  ultimately  lead  to  general  compliance 
with  them  as  they  apply  to  railroad  travel. 

It  is  not  a  matter  to  be  decided  offhand  just  which  diseases 
should  be  forbidden  on  trains  and  which  ones  should  be  permitted 
under  proper  restrictions;  but  there  shotild  be  some  rule  adopted 
which  is  possible  of  general  application,  with  an  attempt  to  harmonize 
undw  the  well-established  principles  of  sanitary  science  the  interests 
of  the  railroads,  the  traveling  public,  and  at  the  same  time  to  preserve 
the  public  health.  I  believe  these  conditions  are  met  by  excluding 
from  travel  persons  ill  with  any  of  the  major  quarantinable  diseases — 
plague,  cholera,  yellow  fever,  typhus  fever,  and  smallpox — and  allow- 
mg  those  ill  with  other  diseases  to  travel  under  proper  supervision. 
The  five  diseases  named  should  be  excluded  from  travel  because, 
fint,  they  are  (with  the  exception  of  smallpox)  not  conmionly  present 
m  this  coimtry,  but  when  once  started  in  a  community  have  enor- 
iDous  possibilities  of  epidemic  spread;  second,  their  presence  is 
wcesBively  disturbing  to  the  public  peace  of  mind;  third,  they  are 
bown  throughout  the  world  as  the  major  quarantinable  diseases 
and  are  subjected  to  detention  wherever  they  may  be  found. 

'  Katoeky,  South  Dakota. 

*  Ahhanw,  Colondo,  Florida,  Maine,  Massachusetts,  Michigan,  New  Mexico,  North  CaroUna,  Wash- 

■r4l(ndo,  District  of  Colambia,  Louisiana. 

*  ^ntooa.  North  Dakota.  South  Dakota. 

12®4— 22 8 
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Most  of  the  communicable  diseases  which  are  commonly  known 
at  large  we  have  everywhere,  and  to  some  extent  all  the  time.  It 
is  so  with  diphtheria,  measles,  scarlet  fever,  typhoid  fever,  pulmonary 
tuberculosis,  and  others.  They  are  endemic.  A  case  more  or  less 
is  important  enough,  but  it  brings  no  new  factor  into  the  public 
health  problem  as  a  rule.  Health  officers  and  the  public  are  accus- 
tomed to  dealing  with  them  and  do  not  become  excited  over  them. 
It  is  not  so  with  plague,  cholera,  yellow  fever,  and  typhus  fever 
To  introduce  a  case  of  one  of  these  into  any  community  in  the  United 
States  is  to  introduce  an  entirely  new  public  health  problem  and  to 
interfere  in  many  ways  with  commercial  and  social  activities.  They 
are,  furthermore,  acute  and  violent  infections  which  soon  come  to  an 
end,  either  by  recovery  or  death;  and  at  whatever  expense  of  time 
or  trouble  to  the  community,  or  of  discomfort  and  unhappiness  to 
the  patient  and  his  friends,  they  are  best  cared  for  by  isolation  in 
the  community  where  they  are  first  discovered  and  as  near  the  point 
of  origin  as  is  reasonably  possible. 

It  is  not  because  the  four  diseases  referred  to  can  not  be  transported 
safely  that  they  should  be  forbidden  to  travel,  but  because  thev  are 
80  disturbing  during  the  journey  and  on  arrival  in  a  new  community. 
We  know  in  great  detail  how  the  causative  organism  for  each  of 
them  passes  from  person  to  person  and  the  means  which  are  necessary 
to  prevent  their  spread.  Plague  (except  the  pneumonic  type)  is 
transmitted  by  the  bite  of  an  infected  rat-flea,  yellow  fever  by  the 
stegomyia  mosquito,  and  typhus  fever  by  the  body  louse.  No  fleas, 
no  bubonic  plague;  no  mosquitoes,  no  yellow  fever;  no  lice,  no  typhus 
fever.  If  we  can  be  perfectly  sure  that  the  patient  and  his  quarters 
are  entirely  free  from  the  insects  concerned,  and  that  none  will  by 
any  chance  gain  access  to  him,  the  protection  of  other  people  is 
assured.  Being  perfectly  sure  of  this  is  of  course  a  task  involving 
difficulties  and  the  most  painstaking  care,  with  always  the  possibility 
of  something  going  wrong;  but  with  sufficient  care  the  danger  may 
be  entirely  overcome.  Cholera  is  transmitted  by  the  vomit  and 
alvine  discharges,  through  contact,  or  water,  or  food;  and  the  obvious 
means  of  preventing  its  spread  is  the  prompt  and  perfect  disinfection 
of  vomitus  and  feces.  With  this  assured  the  cholera  patient  might 
travel  without  doing  harm.  But  as  with  plague,  yellow  fever,  and 
typhus  fever,  the  disease  is  normally  foreign  to  our  shores;  our  only 
experience  of  it  is  that  of  disastrous  epidemics;  and  if  it  is  introduced 
at  all  it  should  be  strictly  held  in  place  until  all  danger  of  transmission 
to  other  people  is  past. 

Smallpox,  on  the  other  hand,  is  an  endemic  disease,  and  most 
communities  are  in  some  degree  prepared  to  deal  with  it;  but  it  is 
acute  and  serious,  is  known  to  be  very  readily  communicated,  and 
there  is  no  disease  more  capable  of  disturbing  the  public  mind. 
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Furthermore,  we  do  not  know  the  causative  organism,  nor  precisely 
the  mode  of  its  transfer.  We  are  therefore  relatively  ill  equipped 
to  prevent  transmission  of  smallpx  infection  to  susceptible  individuals. 
It  is  beside  the  mark  to  say  that  except  for  ignorance,  neglect,  and 
the  misguided  opposition  of  the  antivaccinationists  we  should  have 
no  susceptibles  to  smallpox,  since  in  vaccination  we  have  a  safe 
and  neariy  perfect  prophylactic.  With  rigid  rules  for  universal 
^  vaccination  the  disease  would  no  doubt  practically  disappear;  but 
under  present  conditions  there  will  remain  enough  susceptibles  so 
that  no  community  can  feel  safe  while  smallpox  is  about,  and  as  long 
as  this  is  the  case  the  disease  should  be  excluded  from  railway  travel. 
A  move  toward  imiform  r^ulations,  embodying  the  program  sug- 
gested above,  was  made  in  May,  1920,  when  a  *' Standard  Railway 
Sanitary  Code"  was  approved  by  the  Conference  of  State  and  Pro- 
vincial Health  Authorities  of  North  America  and  reconmiended  by 
the  conference  to  the  several  States  for  adoption  as  a  part  of  their 
sanitary  regulations — a  program  which  was  later  approved  by  the 
United  States  Public  Health  Service  in  conference  with  the  health 
officers  of  the  States.  That  code  prohibits  entirely'*  the  travel  on 
railway  trains  of  plague,  cholera,  yellow  fever,  typhus  fever,  and 
smaUjjox,  and  allows  other  communicable  diseases  to  travel  under 
very  strict  supervision.  Twenty  States"  have  already  officially 
adopted  the  standard  code  as  a  part  of  the  State  sanitary  regulations, 
and  many  State  health  officers  have  signified  their  intention  of  tak- 
ing similar  action.  The  essential  provisions  of  the  standard  code 
have  also  been  incorporated  in  the  last  revision  of  the  Interstate 
Quarantine  R^ulations,  issued  in  May,  1921,  which  apply  to  all 
travel  from  one  State  into  another,  so  that  uniform  provisions  con- 
cerning the  travel  of  communicable  diseases  now  have  a  very  wide 
application. 

RESTRICTED  TRAVEL. 

As  already  stated  in  the  preceding  section,  except  as  recently 
altered  by  the  adoption  of  the  Standard  Railway  Sanitary  Code  the 
regulatory  measures  of  the  States  concerning  the  travel  of  communi- 
cable diseases  have  been  chiefly  of  a  prohibitive  nature.  In  many 
States  the  prohibitions  have  been  written  into  the  statutory  law.  As 
new  knowledge  is  acquired  it  shotild  be  possible  for  some  small  body 
of  experts  to  apply  it  at  once  by  a  change  in  the  r^ulations,  without 
waiting  for  a  l^islature  to  meet  or  to  convince  its  members,  often 
ill  informed  on  scientific  matters,  what  administrative  measures  the 
public  health  requires.    To  change  a  law  is  always  a  difficult  thing; 

"  SteCioos  1  And  2  of  tbe  Standard  Code.    See  Appendix. 

*  Alabama,  Florida,  Georgia,  Ulinois,  Kansas,  Kentucky,  Louisana,  Maine.  Maryland,  Michigan,  Min- 
''cnta,  Mfcninippi.  Nemr  Hampstilre.  North  Dakoti,  South  Carolina,  Tennessee,  Virginia.  West  Virginia , 
WtthingtoB.  Wiscoosin. 
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for  a  State  board  of  health  to  change  a  regulation  is  relatively  very 
simple,  and  all  necessary  power  to  make  public  health  r^ulations 
should  be  delegated  to  them.  Great  harm  is  sometimes  done,  and 
antiquated  rules — ^generally  more  honored  in  the  breach  than  in  the 
observance — are  often  kept  in  force  because  sanitary  codes  are  en- 
acted into  law. 

It  is  only  since  1916,  when  the  United  States  Public  Health  Service 
first  officially  recognized  the  occasional  necessity  for  the  travel  of 
communicable  diseases  and  attempted  by  means  of  the  Interstate 
Quarantine  Regulations  to  put  proper  safeguards  about  it,  that  any 
of  the  States  have  modified  the  prohibitive  provisions  of  their  san- 
itary codes.  A  few  States  soon  followed  the  interstate  lead.  In 
1917  the  Oklahoma  Board  of  Health  passed  regulations  which  specify 
restrictions  under  which  many  communicable  diseases  may  be  ac- 
cepted for  transportation,  following  closely  but  not  quite  duplicating 
the  interstate  regulations  made  in  the  previous  year.  At  about  the 
same  time  the  Washington  State  Board  of  Health  adopted  the  Inter- 
state Quarantine  Regulations  in  their  entirety;  and  Kansas  and  Mon- 
tana followed  with  rules  which  were  the  same  so  far  as  this  portion  of 
them  is  concerned.  Early  in  1920  the  North  Dakota  board  also 
adopted  the  Interstate  Quarantine  Regulations.  In  the  case  of 
Washington  and  North  Dakota,  however,  old  rules  were  left  in  force 
which  prohibited  entirely  the  travel  of  some  diseases  which  the  inter- 
state regulations  provided  for,  leaving  the  actual  conditions  there 
in  more  than  a  little  doubt.  But  at  any  rate  the  attempt  of  th^ 
Public  Health  Service  to  solve  a  difficidt  problem  started  a  moven 
ment  away  from  strictly  prohibitive*  measui'es  which  the  action  ol 
the  Conference  of  State  Health  Authorities  in  approving  a  Standq 
ard  Railway  Sanitary  Code  and  recommending  it  to  the  vario 
States  for  adoption  has  recently  carried  far  forward. 

It  is  wise  to  discourage  the  travel  of  those  who  are  ill  of  the  co 
municable  diseases,  both  for  the  good  of  the  public  health  and  for  t 
good  of  the  patients  themselves.  For  those  who  are  seriously  sib 
any  considerable  journey  may  involve  no  little  danger,  a  fact  whici 
is  fortunately  so  well  recognized  as  largely  to  deter  them  from  anj 
attempt  at  travel  in  the  acute  stages  of  their  afflictions.  But  the< 
are  sometimes  good  reasons  why  travel  should  be  undertaken  if  t 
condition  of  the  patient  will  allow,  of  which  the  following  are  exampi 
A  child  falls  ill  of  scarlet  fever,  measles,  or  whooping  cough,  and 
parents  are  anxious  to  bring  him  home  where  they  can  care  for  hi 
and  also  to  avoid  the  danger  of  contagion  to  the  children  where 
is  visiting.  A  laborer  in  a  mining  camp  where  there  is  no  hospit 
doctor,  or  nurse,  and  where  there  is  great  danger  of  spreading  t 
infection,  develops  typhoid  fever,  and  the  manager  of  the  camp  wish* 
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to  send  him  to  a  hospital  where  he  can  have  skilled  care.  A  patient 
with  pulmonary  tuberculosis  wishes  to  go  to  a  distant  sanitarium 
in  search  of  a  cure;  or  being  fatally  ill  and  realizing  that  his  journey 
in  quest  of  health  has  been  in  vain,  wants  to  end  his  days  at  home. 
A  pereon  is  discovered  to  have  leprosy,  and  the  health  authorities 
wish  to  send  him  to  a  seaport  for  deportation,  if  he  is  an  alien,  or,  if 
a  citizen,  to  a  distant  hospital  for  proper  isolation  and  care. 

If  provision  is  not  made  for  such  cases  as  these  they  will  travel 
anyway,  without  regard  to  prohibitive  laws,  and  generally  without  the 
safeguards  that  should  always  be  required.  And  they  ought  to  be 
allowed  to  travel  under  conditions  that  will  make  their  travel  safe 
for  themselves  and  for  other  passengers.  Practically  the  number 
of  such  patients,  except  those  with  tuberculosis,  will  always  be  very 
small,  but  their  proper  disposal  is  important.  There  is  no  doubt 
that  adequate  safeguards  can  be  applied,  though  under  present 
conditions  very  few  transportation  agents  and  practically  no  pas- 
sengers understand  what  they  are. 

The  measures  necessary  to  make  safe  the  transportation  of  persons 
with  conmiunicable  diseases  will  vary  according  to  the  particular 
disease  concerned,  being  determined  by  the  way  in  which  the  in- 
fecting agent  is  transmitted  from  one  person  to  another,  by  the 
virulence  of  the  disease,  and  by  the  readiness  with  which  transmission 
can  take  place.   They  may  include  any  or  all  of  the  following: 

(1)  Isolation  of  the  patient  in  a  compartment  separate  from  other 
passengers. 

(2)  The  care  of  a  responsible  personal  attendant. 

(3)  The  disinfection  of  bodily  discharges. 

(4)  The  disinfection  of  eating  and  drinking  utensils. 

(5)  Provision  by  the  patient  or  his  attendant  of  special  facilities 
for  carrying  out  these  measures  of  disinfection  and  for  preventing 
gross  contamination  of  the  car  and  its  contents. 

It  is  usual  to  classify  the  communicable  diseases  according  to  the 
ways  in  which  their  causative  oi^anisms  are  transmitted  from  one 
person  to  another.  We  may,  however,  for  the  practical  purposes  of 
an  inquiry  into  the  safeguards  of  transportation,  depart  from  any 
strictly  logical  or  all-inclusive  classification  and  divide  them  for 
convenience  into  the  following  groups : 

1.  Acute  sputum-bome  diseases. 

2.  Acute  feces  and  urine  borne  diseases. 

3.  Pulmonary  tuberculosis. 

4.  Leprosy. 

5.  Venereal  diseases. 

6.  Miscellaneous. 
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1.  ACUTE  SPUTUM-BOBNE  DISEASES. 

For  the  purpose  of  regulating  railway  travel  the  acute  sputum- 
borne  diseases  should  be  considered  to  include  diphtheria,  measles, 
scarlet  fever,  epidemic  meningitis,  epidemic  encephalitis,  anterior 
poliomyelitis,  pneumonia,  influenza,  septic  sore  throat,  rubella, 
chicken  pox,  whooping  cough,  and  mumps.  In  a  few  of  these  diseases 
there  are  other  possible  ways  of  transmission  than  by  the  secretions 
of  the  mouth  and  respiratory  tract — by  the  products  of  skin  lesions 
•  in  chicken  pox,  for  instance,  or  by  discharges  from  the  ear  in  the 
^complications  of  scarlet  fever — and  in  a  few  there  may  be  a  reasonable 
doubt  as  to  the  method  of  transmission,  as  in  epidemic  encephalitis; 
but  in  most  of  them  the  sputum  stands  clearly  convicted  of  carrying 
the  infecting  agent,  and  in  all  of  them  it  seems  reasonably  clear  that 
this  is  the  chief  of  the  means  by  which  they  are  transmitted  from 
one  person  to  another.  He  who  would  imderstand  these  diseases 
correctly  must  keep  this  well  in  mind:  That  the  matter  of  contract- 
ing them  is  a  matter  of  ** swapping  spit." 

The  measures  to  be  taken  to  prevent  the  spread  of  contagion 
from  cases  of  these  diseases  must  therefore  be  aimed  at  preventing 
the  transfer  of  sputum,  whether  directly  in  droplets  emitted  by  the 
patient  in  talking,  coughing,  or  sneezing,  or  indirectly  by  means  of 
fingers,  dishes,  eating  utensils,  and  other  objects  which  may  be  soiled 
with  the  sputum  or  nasal  discharges.  In  order  that  the  necessary 
details  may  be  effectively  carried  out,  isolation  and  a  personal 
attendant  should  always  be  required. 

The  Interstate  Quarantine  Regulations  and  the  Standard  Railway 
Sanitary  Code  provide  for  the  travel,  under  restrictions,  of  all  of  the 
diseases  included  in  this  group  as  given  above.  The  appropriate 
section  of  the  Standard  Code,  which  applies  by  oflScial  adoption  in 
Alabama,  Florida,  Georgia,  Illinois,  Kansas,  Kentucky,  Louisiana, 
Maine,  Maryland,  Michigan,  Minnesota,  Mississippi,  New  Hampshire, 
North  Dakota,  South  Carolina,  Tennessee,  Virginia,  West  Virginia, 
Washington,  and  Wisconsin,  reads  as  follows: 

Sec.  3.  Restricted  travel. — Common  carriers  shall  not  accept  for  transportation  on 
any  railway  train,  car,  or  other  conveyance  any  person  known  by  them  to  be  aflSicted 
with  diphtheria,  measles,  scarlet  fever,  epidemic  cerebrospinal  meningitis,  anterior 
poliomyelitis,  mumps,  whooping  cough,  influenza,  pneumonia,  epidemic  encephalitis, 
septic  sore  throat,  rubella,  or  chicken  pox,  or  any  person  known  to  be  a  carrier  of 
these  diseases,  unless  such  person  is  placed  in  a  compartment  separate  from  other 
passengers,  is  accompanied  by  a  properly  qualified  nurse  or  other  attendant,  and  unless 
such  nurse  or  attendant  shall  agree  to  comply  and  does  so  comply  with  the  following 
regulations: 

(a)  Communication  with  the  compartment  within  which  the  patient  is  traveling 
shall  be  restricted  to  the  minimum  consistent  with  the  proper  care  and  safety  of  the 
patient. 
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(h)  All  diflhes  and  utensils  used  by  the  patient  shall  be  placed  in  a  5  per  cent  solution 
of  carbolic  acid  or  other  fluid  of  eqiuvalent  disinfecting  value  for  at  least  one  hour 
after  they  have  been  used  and  before  being  allowed  to  leave  the  compartment. 

(e)  All  sputum  and  nasal  discharges  from  the  patient  shall  be  received  in  gauze  or 
paper,  which  shall  be  deposited  in  a  jMtper  bag  or  in  a  closed  vessel,  and  shall  be 
destroyed  by  burning. 

{d)  Said  nurse  or  attendant  shall,  after  performing  any  service  to  the  patient,  at 
once  cleanse  the  hands  by  washing  them  in  a  2  per  cent  solution  of  carbolic  acid  or 
other  fluid  of  equivalent  disinfecting  value. 

The  requirements  of  the  Interstate  Quarantine  Regulations,  are  the 
practical  equivalent  of  those  above  quoted;  and  they  apply  to  the 
same  diseases,  with  the  addition  of  Rocky  Mountain  spotted  fever 
and  anthrax.  They  have  the  added  provisions,  however,  that  the 
patient  shall  obtain  permits  from  the  State  or  local  health  authorities 
at  the  places  of  beginning  and  ending  of  his  journey,  and  that  the 
attendant  shall  obligate  himself  in  writing  to  carry  out  the  require- 
ments. Regulations  in  effect  in  Oklahoma  and  Montana  are  practi- 
cally identical  with  the  Interstate  Quarantine  Regulations,  but  they 
omit  from  the  list  of  diseases  influenza,  epidemic  encephalitis,  and 
mumps,  for  which  no  provision  is  made,  and  place  scarlet  f|gver  with 
those  that  may  not  travel  at  all,  thus  agreeing  with  an  older  form 
of  the  Interstate  Quarantine  Regulations.  All  the  regulations  require 
the  disinfection  of  the  space  occupied  by  the  patient  inmiediately  after 
it  has  been  vacated." 

There  is  probably  good  reason  for  requiring  permits  from  the 
health  authorities  at  the  points  of  origin  and  destination.  In  any 
event,  the  health  authorities  should  be  notified  of  the  location  of 
every  case  of  communicable  disease  within  their  jxirisdictioij  in  order 
that  they  may  make  sure  that  the  public  is  protected  and  exercise  con- 
trol over  the  patient ;  and  no  physician  should  allow  his  patient  to  travel 
without  proper  notification.  The  question  of  terminal  disinfection 
will  be  considered  later.  The  other  measures  of  the  above  regula- 
tions must  be  taken  up  in  detail,  even  though  it  may  involve  the 
repetition  of  much  that  is  obvious. 

1.  Isolation, — The  patient  shoidd  be  placed  in  a  separate  compart- 
ment entirely  closed  off  from  other  passengers,  and  with  which  only 
such  commimication  is  permitted  as  is  absolutely  necessary  for  his 
care.  This  compartment  should  have  separate  washing  and  toilet 
facilities.  The  drawing  room  of  a  sleeping  car  fulfills  these  require- 
ments in  detail,  having  a  toilet  and  wash  room  directly  connected 
with  it.  A  compartment  in  a  sleeping  car  or  parlor  car  will  also 
answer  well,  but  is  less  desirable  because  of  less  adequate  toilet 
facilities. 

The  question  arises,  however,  as  to  what  shall  be  done  when  there 
IS  no  drawing-room  or  compartment  in  the  train.     Theoretically  it 

"  SteDdird  Code,  sec.  10;  Interstate  Quarantine  Regulations,  sec.  10.    See  Appendix. 
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might  be  made  safe  to  cany  the  patient  in  the  body  of  a  sleeping  car. 
in  a  berth  with  the  curtains  hung,  where  the  proper  disposal  of  a  few 
clean  sheets  will  make  an  effective  cubicle;  but  practically  this 
method  can  not  be  carried  out  with  entire  safety  or  without  imdae 
annoyance  and  alarm  to  other  passengers.  In  some  cases  where  the 
need  for  transporting  a  patient  has  been  very  great  and  other  facil- 
ities were  not  available,  a  baggage  car  in  which  a  cot  has  been  cur- 
tained or  screened  off  has  been  used.  It  may  be  made  to  answer  for 
short  distances  only.  An  empty  coach  could  be  used  in  the  same 
way,  but  the  cost  under  ordinary  tariffs  would  be  equivalent  to 
supplying  a  private  car,  and  would  usually  be  prohibitive.  In 
general,  and  for  all  journeys  of  considerable  length,  the  private 
rooms  of  sleeping  cars  and  parlor  cars  are  the  only  practical  means  of 
maintaining  during  travel  the  strict  isolation  which  is  demanded. 
They  are  generally  to  be  had  where  the  necessity  for  a  long  journey 
exists;  and  when  they  are  not  available  it  should  be  considered  in- 
advisable to  transport  a  case  of  any  of  the  acute  sputum-borne 
diseases. 

Attention  must  be  given  to  getting  the  patient  into  the  place 
assigned  to  him.  If  very  ill,  so  that  he  has  to  be  carried  on  a  stretcher, 
the  only  way  to  get  him  into  a  sleeping-car  drawing-room  or  com- 
partment is  by  passing  the  stretcher  through  the  window.  This  is 
not  a  matter  of  much  difficulty;  but  the  windows  are  high  and  will 
require  either  an  elevated  platform  or  something  to  take  the  place 
of  it,  such  as  a  large,  flat  baggage  truck.  It  must  be  remembered 
also  that  the  room  has  windows  on  only  one  side  of  the  car  and  may 
be  approached  from  that  side  only.  When  the  patient  is  able  to 
sit  up  and  to  walk  the  few  steps  from  the  vestibule  to  his  room,  he 
may  be  brought  to  the  car  steps  in  a  wheel  chair  and  assisted  in  from 
there  by  the  regular  route  of  entry,  or  he  may  be  carried  in  the  arms 
of  an  attendant.  It  should  be  ascertained,  before  attempting^  to 
board,  in  which  end  of  the  car  the  room  is  located,  and  the  car  should 
be  entered  from  that  end  so  that  traversing  the  car  length  may  be 
avoided,  with  its  possible  dangers  of  contact  or  mouth  spray  infec- 
tion. If  brought  in  while  other  passengers  are  entering,  such  con- 
tact should  be  avoided;  and  it  would  be  well  for  the  patient,  while 
boarding  or  being  put  aboard  the  car,  to  wear  one  of  the  many  forms 
of  gauze  masks  or  to  wear  a  handkerchief  over  his  face.  In  any 
case,  if  a  sick  patient  boards  a  car  in  the  presence  of  other  passen- 
gers, and  they  suspect  a  contagious  disease,  alarm  may  be  caused  un- 
necessarily. It  is  therefore  advisable  to  place  the  patient  aboard 
either  before  or  after  other  passengers  are  admitted  when  this  is  pos- 
sible. 

2.  Attendant. — It  is  entirely  possible  to  carry  out  in  the  private 
room  of  a  railway  car  the  precautions  outlined  in  the  regulations^ 
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already  quoted.  It  is  of  course  somewhat  difficult  and  incon- 
venient, necessitates  providing  in  advance  certain  utensils  and 
materials,  and  requires  above  all  the  service  of  a  personal  attendant 
to  go  with  and  care  for  the  patient.  The  person  who  performs  this 
service  should  have  had  experience  in  similar  procedures  under  less 
trying  conditions.  An  experienced  and  conscientious  trained 
nurse,  or  an  intelUgent  and  conscientious  person  working  imder  the 
direction  and  supervision  of  a  nurse  or  a  physician,  is  practically 
necessary  if  the  measures  are  to  be  eflfective.  While  attending  to  or 
in  close  contact  with  the  patient  it  is  excellent  practice  for  a  nurse 
to  wear  a  gauze  mask,  both  for  her  own  immediate  protection  against 
infection  and  to  guard  against  the  danger  of  becoming  a  passive 
carrier  of  disease  germs. 

3.  Care  of  sputum  and  nasal  discharges, — ^The  sputum  and  nasal 
discharges  from  patients  with  sputum-borne  diseases  contain  the 
causative  organisms  in  large  nimibers,  and  their  proper  disposal  is 
the  essential  feature  of  rendering  safe  the  transport  of  such  patients. 
If  they  are  not  properly  disposed  of — if  a  patient  is  allowed  to  cough 
and  sneeze  with  an  unprotected  face,  to  expectorate  carelessly,  to 
contaminate  his  surroundings  with  his  discharges — there  will  arise 
all  the  opportunities  for  infection  through  droplets  of  mouth  spray 
and  through  the  various  methods  of  direct  and  indirect  contact 
which  constitute  the  great  danger  from  these  diseases.  Carelessness 
not  only  results  in  gross  contamination  of  the  compartment  and  its 
contents  but  endangers  the  attendant  of  acquiring  the  disease  or 
becoming  a  passive  carrier.  Painstaking  and  exact  care  in  the  dis- 
posal of  sputum  is  the  key  to  successful  control. 

AU  sputum  and  nasal  discharges  and  discharges  from  the  eye  or 
ear  in  scarlet  fever  should  be  received  on  gauze  or  soft  paper.  These 
soiled  articles  should  touch  nothing  but  the  patient  and  the  nurse's 
hands,  and  should  be  immediately  dropped  into  a  vessel  containing 
a  disinfectant  solution  or  put  into  a  closed  vessel  or  a  strong  tight 
paper  bag  for  future  destruction  by  burning.  It  is  of  course  impossi- 
ble to  bum  waste  gauze  or  paper  in  the  compartment;  and  if  some 
forai  of  disinfection  is  not  used  in  place  of  burning,  the  attendant 
must  be  prepared  to  remove  them  when  leaving  the  car  and  burn 
them  later.  Coughs  should  be  smothered  in  pieces  of  gauze,  to  be 
similarly  disposed  of.  The  continuous  wearing  of  a  light  gauze  mask 
has  been  proposed.  It  is,  however,  a  very  trying  thing  for  a  sick 
patient  to  wear  a  mask  all  the  time,  and  such  a  plan  will  be  found 
impracticable;  furthermore  a  light  mask  is  not  a  perfect  safeguard 
against  the  spraying  of  droplets  in  hard  coughing. 

Where  the  patient  is  very  ill,  and  is  therefore  unable  to  cooperate 
with  the  attendant  in  his  care,  or  where  there  is  copious  secretion 
from  the  nose,  mouth,  or  ear,  travel  is  inadvisable  even  under  the  best 
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conditions  and  will  rarely  be  attempted.  Under  such  circumstances 
it  is  difficult  to  prevent  direct  contamination  of  the  pillow  or  other 
parts  of  the  bedding  unless  a  rubber  sheet  is  placed  under  the  patient 
and  over  the  pillow,  or  a  thick  pad  of  absorbent  cotton  or  gauze  may 
answer  the  purpose  as  well.  If  there  is  need  for  such  protection  it 
should  be  provided  by  the  attendant  and  removed  with  the  pati^t. 

Sheets  and  pillowcases  of  sleeping  cars  are  of  course  laimdered  and 
sterilized  by  boiling  after  each  time  they  are  used,  so  that  if  tiiej 
become  contaminated  it  is  not  of  serious  moment;  but  as  a  part  of 
the  general  care  every  effort  should  be  made  to  prevent  their  being 
soiled  with  secretions,  and  if  any  gross  soiling  takes  place  they  should 
be  immediately  removed,  placed  in  a  laundry  bag  or  tied  into  a 
bundle,  and  fresh  ones  substituted.  Blankets,  mattresses,  and  pillows 
are  all  completely  incased  in  clean  linen  each  time  they  are  used ;  and 
if  protected  with  reasonable  care  should  not  become  dangerous  as 
carriers  of  infection.  The  question  of  their  care,  with  that  of  the 
room,  after  the  patient  vacates  the  compartment,  will  be  considered 
later. 

4.  Disinfection  of  eating  and  drinking  tUensiU. — ^Any  dish,  table 
utensil,  or  drinking  vessel  that  has  been  used  by  a  patient  with  a 
sputum-borne  disease  should  be  thoroughly  disinfected  before  it  is 
used  by  another  person,  because  it  is  very  likely  to  be  contaminated 
by  the  secretions  of  the  mouth.  There  is  ample  evidence  that  such 
contamination  is  common,  and  •that  insanitaiy  methods  of  washing 
dishes  may  have  an  important  influence  on  the  spread  of  epidemics. 

Boiling  is  usually  the  surest  and  best  way  of  disinfecting  dishes, 
but  it  is  impractical  under  the  circumstances  of  traveling.  The  best 
method  here  is  immersion  in  a  strong  disinfectant  solution  for  an 
hour  after  use.  For  the  purpose  of  carrying  out  the  procedure,  the 
nurse  or  attendant  must  be  suppUed  with  a  vessel  of  sufficient  size 
and  with  material  for  making  up  the  solution. 

Dishes  and  utensils  should  not  be  first  washed,  but  should  be  placed 
at  once  in  the  disinfectant  solution.  A  5  per  cent  solution  of  carbolic 
acid  is  effective  and  reasonably  convenient.  It  is  expensive*  unless 
the  crude  carbolic  can  be  obtained.  Other  solutions  of  equal 
disinfecting  value  which  may  be  used  are  chlorinated  lime,  3  per  cent; 
formalin,  10  per  cent;  or  compound  cresol  solution,  3  per  cent.  There 
are  many  commercial  preparations  made  from  coal-tar  cresols  which 
are  efficient  germicides  in  1  to  3  per  cent  solutions.  They  are  usually 
inoffensive  in  odor,  have  valuable  cleansing  properties,  do  not  corrode 
metals,  and  do  not  irritate  the  hands  of  one  using  them.  Corrosive 
sublimate,  which  would  be  the  most  convenient  disinfectant  to  use 
under  the  circumstances,  is  not  adapted  to  the  purpose,  since  it 
combines  with  albuminous  matter  to  form  inert  compounds  and 
thereby  loses  its  disinfecting  power;  it  also  corrodes  metals  badly. 
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Food  remnants  and  gauze  or  paper  used  as  napkins  should  be 
collected  with  other  similar  articles  and  cared  for  as  outlined  in  the 
preceding  section.  It  is  now  possible  to  provide  practically  all 
necessary  dishes  and  drinking  utensils  of  paper.  If  this  is  done  it 
will  prove  a  great  advantage,  for  it  avoids  the  necessity  of  immediate 
disinfection,  since  they  may  be  collected  and  destroyed  with  other 
waste  materials.  Another  plan  that  is  useful  and  results  in  avoiding 
a  considerable  amount  of  trouble  is  for  the  patient  to  have  his  own 
dishes  for  use  during  the  trip  and  to  which  any  food  brought  to  the 
patient  is  transferred.  If  service  is  had  from  the  dining  car,  arrange- 
ments may  be  made  to  keep  the  first  set  of  utensils  that  is  brought 
for  continuous  use  during  the  journey.  In  either  such  case  the  disin- 
fection may  be  dispensed  with  and  replaced  by  ordinary  washing 
by  the  attendant,  the  utensils  not  being  allowed  to  leave  the  compart- 
ment. 

5.  Attendant's  hands. — In  caring  for  the  patient  and  disposing 
of  the  secretions,  the  hands  of  the  attendant  will  unavoidably  become 
contaminated  with  the  bacteria  of  the  disease.  If  not  thoroughly 
cleansed  at  once  and  made  free  from  infectious  material,  they  wall 
carry  bacteria  to  the  things  that  are  handled  and  to  the  attendant's 
mouth.  After  any  attention  to  the  patient  the  hands  should  be 
thoroughly  washed  in  soap  and  water,  then  dipped  into  a  disinfectant 
solution.  A  2  per  cent  carbolic-acid  solution,  its  equivalent  of  some 
of  the  cresol  preparations,  or  a  1  to  1,000  corrosive  sublimate  solution 
will  answer  the  purpose.  In  a  sleeping  car  drawing  room  or  com- 
partment there  will  be  a  private  bowl  for  ordinary  washing,  but  an 
extra  basin  must  be  carried  for  the  disinfectant  solution.  Stress 
should  be  laid  on  the  preliminary  washing. 

Summary  and  comment. — It  is  evident  that  the  effective  care  of 
rases  of  the  acute  sputum-bomc  diseases  during  travel  on  railway 
trains  is  somewhat  difficult.  For  that  matter  their  effective  care  is 
difficult  anyv^'here  and  requires  essentially  the  same  procedures  that 
have  been  outlined.  The  sick  room  at  home  or  in  a  hospital  must 
have  sick-room  facilities  and  equipment;  if  we  travel  with  the  patient 
wo  must  take  the  equipment  with  him  and  arrange  for  the  proper  use 
of  it.  This  should  be  impressed  upon  those  desiring  to  arrange  for 
the  transport  of  infectious  diseases.  The  steps  of  the  procedures 
must  be  made  clear  beforehand,  and  the  articles  which  it  is  necessary 
to  bring  to  the  car  with  the  patient  must  also  be  made  known.  These 
are,  in  brief:  (1)  Pieces  of  gauze  or  absorbent  paper  for  collecting 
discharges  and  for  preventing  mouth  spray  in  coughing.  (2)  A 
strong  paper  bag  or  a  closed  vessel  to  receive  soiled  gauze  or  paper 
and  other  contaminated  wastes.  (3)  A  receptacle  for  disinfecting 
dishes  (unless  paper  dishes  are  used).  (4)  A  basin  for  disinfecting 
he  hands  of  the  attendant.     (5)  Rubber  sheeting  for  protecting 
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the  bedding.     (6)  Disinfectant  for  making  up  solutions  foi 
of  dishes  and  hands  and  for  the  disinfection  of  secretions. 

It  may  be  contended  that  the  proposed  regulations  are  sb 
as  to  become  a  practical  prohibition  of  travel  by  those  who 
with  contagious  diseases.     Certainly  they  do  not  make  tra^ 
They  are  not  intended  to  do  so.     They  are  intended  to  mak*^ 
which  it  must  be  if  it  is  to  be  done  at  all:  the  precautioi) 
sick  room  at  home  must  be  continued  in  the  car.     But  the 
travel  possible  when  the  need  is  great;  and  the  procedures  i 
are  really  simple  enough  when  the  principle  underlying  them  L^ 
comprehended.     They  are  all  directed  to  the  end  of  breaki 
links  of  contact  between  the  sick  and  the  well,  which  are 
through  the  agency  of  mouth  and  nasal  discharges. 

It  may  also  be  questioned  whether  all  of  the  diseases  enun. 
in  this  group  should  be  subjected  to  the  same  stringent  requin 
in    traveling.     Some    of   them   are   mild   and    relatively    hai 
Chicken  pox,  German  measles,  and  mumps,  for  instance,  ran 
dangerous  diseases,  and^  in  some  of  the  States  are  not  even  sub^ 
to  quarantine.     There  is,   however,   the  constant  possibility 
German  measles  may  be  confused  with  genuine  measles,  or  cl» 
pox  with  smallpox,  which  they  sometimes  closely  resemble.     K 
cases  of  even  these  mild  infections  should  therefore  be  forbidd' 
travel  on  trains  in  the  ordinary  way. 

The  question  of  influenza  is  always  a  difficult  one.     Its  cli. 
manifestations  range  all  the  way  from  the  sUght  indisposition 
common  colds  to  the  most  serious  and  profoimd  intoxications, 
times  of  epidemic  the  disease  spreads  so  rapidly  that  there  can  b* 
doubt  of  its  high  contagiousness,  and  many  of  the  States  have  ptfi 
it  in  the  strictly  quarantined  class.     There  will  no  doubt  be  mi 
cases  going  about  in  many  places,  but  it  would  nevertheless  ai 
proper  to  hold  the  known  case  strictly  isolated  and  to  forbid  him 
use  of  space  in  common  with  healthy  people. 

The  common  colds,  the  mild  sore  throats,  and  the  nondisabti 
common  infections  of  the  respiratory  tract  are  also  sputum-boa 
but  it  would  be  worse  than  useless  to  attempt  to  prohibit  to  tho 
who  have  them  the  use  of  pubhc  places  or  the  public  means  of  traa 
portation.     Our  only  practical  safeguards  against  them  he  in  ev% 
lastingly  repeating  the  admonition  to  cleanly  personal  habits,  espi 
cially  against  the   promiscuous  distribution  of  sputum  and  mouli 
spray  and  the  careless  mouthing  of  fingers  or  other  things  that  m^J 
be  soiled  with  infectious  discharges. 

2.  ACUTE   FECES  AND   URINE   BORNE  DISEASES. 

The  chief  diseases  of  this  type  are  typhoid  and  paratyphoid  fevwj 
the  various  kinds  of  dysentery,   and  cholera.     Tho  last  has  been 
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nurse  or  other  attojidant,  and  unless  said  niunse  or  attendant  shall  agree  to  comply  and 
does  so  comply  with  the  following  regulations: 

(a)  Communication  with  the  compartment  in  which  the  patient  is  traveling  shall 
be  limited  to  the  minimum  consistent  with  the  proper  care  and  safety  of  the  patient 

(6)  All  dishes  and  utensils  used  by  the  patient  shsdl  be  placed  in  a  5  per  cent  solution 
of  carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value  for  at  least  one  hour 
after  they  have  been  used  and  before  being  allowed  to  leave  the  compartment. 

(c)  All  urine  and  feces  of  the  patient  shall  be  received  into  a  5  per  cent  solution  of 
carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value,  placed  in  a  covered  veesel, 
thoroughly  mixed,  and  allowed  to  stand  for  at  least  two  hours  after  the  last  addition 
thereto  before  being  emptied. 

(d)  A  sheet  of  rubber  or  other  impervious  material  shall  be  carried  and  shall  be 
spread  between  the  sheet  and  the  mattress  of  any  bed  that  may  be  used  by  the  patient 
while  in  transit. 

(e)  Said  nurse  or  attendant  shall  use  all  necessary  precautions  to  prevent  access  of 
flies  to  the  patient  or  his  discharges,  and  after  performing  any  service  to  the  patient 
shall  at  once  cleanse  the  hands  by  washing  them  in  a  2  per  cent  solution  of  carbc^ic 
acid  or  other  fluid  of  equivalent  disinfecting  value. 

(/)  Provided,  That  if  a  person  with  typhoid  or  dysentery  is  presented  at  a  railway 
station  in  ignorance  of  these  regulations,  and  his  transportation  is  necessary  as  a  life- 
saving  or  safeguarding  measure,  an  emergency  may  be  declared  and  the  patient  may 
be  carried  a  reasonable  distance  in  a  baggage  car  if  accompanied  by  an  attendant 
responsible  for  his  care  and  removal;  Provided  aho,  That  regulations  (a),  (6),  (c),  (<f)t 
and  {e)  of  this  section  shall  be  complied  with  in  so  far  as  the  circumstances  will  allow, 
and  that  all  bedding,  clothing,  rags,  or  cloths  used  by  the  patient  shall  be  removed 
with  him:  And  provided  further,  That  any  parts  of  the  car  which  have  become  contam- 
inated by  any  discharges  of  the  patient  shall  be  disinfected  as  soon  as  practicable, 
but  not  later  than  the  end  of  the  run,  by  washing  with  a  5  per  cent  solution  of  carbolic 
acid  or  other  fluid  of  equivalent  disinfecting  value. 

By  official  adoption  of  the  Standard  Railway  Sanitary  Code 
these  regulations  for  the  travel  of  typhoid,  paratyphbid,  and  dysentery 
now  apply  in  Alabama,  Florida,  Georgia,  Illinois,  Kentucky,  Kansas, 
Louisiana,  Maine,  Maryland,  Michigan,  Minnesota,  Mississippi,  New 
Hampshire,  North  Dakota,  South  Carolina,  Tennessee,  Virginia, 
West  Virginia,  Washington,  and  Wisconsin,  and  by  reason  of  the 
practical  identity  of  the  Interstate  Quarantine  Regulations  they  apply 
also  to  all  travel  from  one  State  into  another.  The  States  of  Okla- 
homa and  Montana  have  practically  the  same  regulations  as  to  typhoid 
and  paratyphoid,  but  they  do  not  include  dysentery. 

Remembering  that  the  diseases  referred  to  are  intestinal  diseases, 
that  they  are  transmitted  by  alvine  discharges,  and  that  there  is 
frequent  necessity  for  the  use  of  the  bedpan  or  urinal  in  their  care, 
the  reason  for  adding  subsection  {d)  will  be  apparent;  it  is  a  rea- 
sonable precaution  for  protection  of  the  bedding  from  possible  con- 
tamination and  is  common  practice  in  hospitals  or  private  houses. 
The  emergency  provision  of  subsection  (/)  is  to  meet  a  condition 
which  has  been  met  in  actual  practice,  in  removing  typhoid  patients 
from  branch  line  mining  camps  to  hospitals  for  care,  in  which  case  the 
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attempt  to  apply  the  letter  of  the  regulations  might  lead  to  very  great 
hardship  and  danger. 

Departure  and  arrival  permits,  as  provided  in  the  Interstate 
Quarantine  Regulations,  are  probably  wise  requirements  in  these 
diseases  as  in  those  that  are  sputum  borne;  they  are  practically  a 
part  of  good  communicable-^iisease  reporting.  As  a  matter  of  f act, 
many  States  forbid  the  removal  of  any  case  of  a  communicable  disease 
to  a  new  location,  even  within  the  same  health  jurisdiction,  unless  a 
permit  has  been  obtained.  The  demand  for  a  written  agreement  to 
comply  with  the  regulations  would  seem  to  be  an  unnecessary  refine- 
ment, which  might  tend  toward  the  evasion  of  details.  Th^e  must 
be  evidence  of  compliance  in  fact.  That  will  give  the  required  pro- 
tection, which  the  written  agreement  vdll  not. 

It  would  seem  to  be  hardly  necessary  to  present  arguments  for  the 
inclusion  of  paratyphoid  and  dysentery  along  with  typhoid  fever  in 
any  travel  regulation  applying  to  the  latter.  From  the  standpoint  of 
transmission,  the  diseases  are  so  similar  as  to  make  them  a  natural 
group,  and  the  measures  of  control  are  essentially  the  same  for  each. 

In  carrying  out  the  measures  prescribed  for  making  the  transporta- 
tion of  typhoid  and  its  related  diseases  safe,  most  of  what  was  said  in 
connection  with  the  sputum-borne  diseases  applies  with  equal  force. 
There  is  the  same  necessity  for  isolation;  for  the  care  of  a  skilled 
att^dant;  and  for  the  disinfection  of  bodily  wastes,  of  the  nurse^s 
hands,  and  of  eating  and  drinking  utensils.  The  preceding  sections 
should  be  consulted  for  details.  Only  those  phases  of  the  subject  will 
be  considered  here  in  which  there  is  some  difference  to  be  noted. 

1.  halation. — The  need  for  isolation  of  typhoid-fever  cases  is  not  so 
great  as  for  those  that  are  sputum  borne.  There  is  no  danger  from 
mere  proximity,  since  the  danger  of  droplet  infection  is  practically 
nonexistent.  For  this  reason  a  cot  in  a  baggage  car  is  a  tolerable 
condition  for  a  journey  of  moderate  length.  There  is  really  no  valid 
hygienic  objection  to  the  patient  occupying  an  ordinary  sleeping-car 
berth  if  proper  care  and  attention  to  prevent  contact  infection  are 
provided.  The  danger  to  other  passengers  under  such  conditions 
would  be  negligible,  and  if  the  journey  may  begin  and  end  during  the 
same  night  it  might  be  permitted  with  safety.  But  under  the  condi- 
tions in  the  open  car  it  is  more  than  a  little  difficult  to  give  the  neces- 
sary care  to  the  alvine  discharges;  and  during  the  daytime,  when  other 
passengers  are  up  and  about,  the  use  of  the  bedpan  and  urinal  would 
be  intolecable.  So  isolation  in  a  separate  compartment  is  a  practical 
necessity,  apart  from  strictly  hygienic  demands.  Indeed,  it  should 
be  required  for  all  bedridden  patients,  whether  their  diseases  are 
<5ommunicable  or  not,  except  when  their  journeys  may  begin  and  end 
within  the  same  night.  A  discussion  of  the  details  of  isolation  will 
be  found  under  the  section  on  the  sputimi-lxHue  diseases. 
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2.  Care  of  excreta, — ^The  care  of  urine  and  feces  is  the  essential 
feature  of  the  control  of  intestinal  infectious  diseases,  and  is  the  chief 
point  wherein  the  transportation  of  typhoid  and  dysentery  differs 
from  that  of  the  sputum-borne  group.  These  discharges  should  be 
received  into  vessels  (bedpan  or  urinal)  containing  a  small  amount 
of  disinfectant  solution.  They  should  then  be  emptied  into  another 
vessel,  more  disinfectant  added,  and  the  contents  thoroughly  mixed; 
or  an  excess  of  disinfectant  solution  may  be  added  to  the  receiving 
vessel  and  disinfection  finished  therein.  A  quantity  of  disinfectant 
at  least  equal  to  the  total  amount  of  excreta  should  be  added,  and  if 
there  are  any  solid  portions  they  should  be  disintegrated  and  entirely 
covered  over  with  the  solution.  The  vessel  should  be  covered  and 
the  contents  allowed  to  stand  imtil  disinfected.  After  two  hours  it 
may  be  safely  disposed  of  in  any  way  that  normal  feces  are  disposed  of. 
After  emptying,  bedpans  and  urinals  should  be  rinsed  with  the 
same  solution.  If  it  should  happen  that  excreta  are  collected  shortly 
before  arrival  at  destination  and  can  not  be  kept  the  required  two 
hours  after  adding  the  disinfectant  solution,  the  vessel  may  be  left 
in  the  compartment  toilet  room  for  later- disposal  by  the  car--cleaning 
crew. 

A  5  per  cent  solution  of  crude  carboUc  acid  may  be  used  for  disin- 
fecting urine  and  feces  in  the  manner  above  described.  Other 
solutions  of  equal  disinfecting  value  which  may  be  used  are:  Chlori- 
nated lime,  3  per  cent;  compound  cresol,  3  per  cent;  or  formalin,  10 
per  cent.  The  last  named  has  the  advantage  of  entirely  destroying 
any  foul  odor;  it  possesses,  however,  a  pungent  odor  of  its  own,  which 
may  be  somewhat  irritating  unless  the  vessel  is  closely  covered. 

If  there  is  coughing  with  expectoration,  the  sputum  should  be 
cared  for  as  described  under  the  sputum-borne  diseases;  or  it  may 
be  disinfected  with  the  secretions  from  the  bowel  and  bladder. 

3.  AtteniaTits  hands, — It  has  been  thoroughly  eatablished  ^that 
the  hands  of  those  who  nurse  or  otherwise  handle  typhoid-fever 
patients  regularly  become  contaminated  with  typhoid  bacilli. 
Scrupulous  care  is  therefore  necessary  if  the  attendant  is  to  safeguard 
himself  properly  against  infection  by  ingestion  of  bacilli  from  soiled 
fingers.  After  handhng  the  patient,  and  especially  after  handling 
the  alvine  dischai^es,  the  hands  should  be  thoroughly  cleansed  ^th 
soap  and  water  and  then  dipped  in  a  disinfectant  solution.  This 
should  be  done  at  once,  before  other  things  may  have  become  con- 
taminated by  being  handled.  The  details  differ  in  no  way  from  those 
described  in  discussing  the  sputum-borne  diseases  and  need  not  l>e 
reoeated  here;  but  the  particular  source  of  infectious  material 
should  be  always  borne  in  mind. 

4.  Care  of  bedding, — It  is  to  be  presumed  that  patients  suffering 
from  typhoid  fever  can  not  be  transported  for  any  considerable  di8>» 
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uncc  «ccpt  in  a  separate  compartment  of  an  ordinary  sleeping  car, 
in  which  case  aU  necessary  bedding  and  linen  will  be  furnished  by  the 
carrier.  It  is  mmecessary  to  impress  upon  those  even  moderately 
well  trained  in  the  care  of  such  cases  that  scrupulous  cleanliness  of 
the  bed  and  bedding  is  always  necessary.  The  frequent  necessity 
for  use  of  the  bedpan  and  urinal  makes  it  practically  impossible 
to  keep  the  sheets  entirely  free  from  infectious  contamination.  The 
Qse  of  a  rubber  sheet  for  the  protection  of  the  mattress  is  even  more 
necessary  in  acute  intestinal  diseases  than  in  that  of  other  diseases. 
Some  such  arrangement  is  a  part  of  the  ordinary  care  of  typhoid 
patients,  wherever  they  may  be;  and  it  is  properly  one  of  the  require- 
ments in  arranging  for  the  transportation  of  typhoid  patients  that  a 
rubber  sheet  must  be  provided  and  used  in  the  way  indicated,  as  part 
of  the  necessary  precautions  in  making  travel  safe. 

With  reasonable  care,  blankets  and  pillows  are  not  liable  to  gross: 
contamination.  They  are,  in  regular  sleeping-car  practice,  incased! 
in  clean  linen,  which  may  be  changed  as  often  as  is  necessary.  In 
making  up  the  berth  the  curtains  should  not  be  hung.  Any  neces- 
sary screening  may  be  improvised  from  sheets.  AU  used  linen 
sbofuld  be  placed  in  a  bag  or  tied  into  a  bundle  by  the  attendant 
•nd  kept  to  the  end  of  the  journey;  it  is,  of  course,  immediately 
lamidered  after  being  released.  It  is  advisable  also  that  blankets  be 
similarly  treated,  Aid  this  is  provided  for  in  the  regulations.*' 

Summary. — ^The  measures  described  for  the  safe  transportation  of 
communicable  diseases  of  the  acute  intestinal  type  are  only  the  essen- 
tiab  of  their  safe  care  and  proper  isolation  in  any  other  place.  The 
facilities  and  utensils  required  are  those  of  the  sick  room.  In  arranging 
for  the  transportation  of  cases  of  this  kind  it  should  be  made  clear 
to  the  attendant  just  what  it  is  necessary  to  provide.  The  articles 
are:  (1)  Disinfectants  for  making  up  solutions  for  the  care  of  hands, 
of  dishes,  and  of  the  patient's  bodily  wastes.  (2)  A  receptacle  for 
diaiiifecting  dishes,  unless  paper  dishes  are  used.  (3)  A  basin  for 
<fisinfecting  the  hands  of  the  attendant.  (4)  A  receptacle  for  urine 
and  feces  and  for  disinfecting  them.  (5)  Rubber  sheeting  for 
protecting  the  bedding. 

a.  PULMONARY  TUBERCULOSIS. 

Flrom  the  standpoint  of  railway  travel,  the  only  important  form  of 
tuberculosis  is  that  which  affects  the  lungs,  not  only  because  this  is 
nwch  the  most  frequent  form  of  the  disease,  accounting  for  some  95 
per  eent  of  ail  the  cases  after  childhood,  but  also  because  it  is  the 
only  form  from  which  there  is  likelihood  of  spreading  tuberculosis 
infection.     The  sputum  of  patients  with  phthisis  is  the  chief  source 

■  1^.  16  (tf  Um  SttDdard  Code  And  of  the  Interstate  Quarantine  Regulations.    See  Appendix. 
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of  tubercle  bacilli,  and  is  practically  the  only  medium  through  which 
the  disease  is  spread  from  one  person  to  another.  In  considering 
the  danger  to  the  public  health  that  may  arise  through  the  trans- 
portation of  tuberculous  persons,  our  inquiry  may  therefore  be 
limited  to  pulmonary  tuberculosis  and  to  the  sputum  as  the  source 
of  infection. 

Extent  of  tuberculous  travel, — ^We  have  no  way  of  determining 
accurately  the  munber  of  tuberculous  persons  among  railway  travelers. 
No  census  has  ever  been  taken  and  no  dependable  one  can  be  taken. 
Only  the  very  ill  can  be  identified  by  casual  inspection  even  by 
expert  observers,  and  the  majority  of  patients  will  remain  undetected 
unless  they  declare  themselves.  But  we  know  that  sufferers  from 
pulmonary  tuberculosis  are  great  travelers.  The  reputed  curative 
qualities  of  the  climate  of  various  regions  lures  them  abroad  in  hope 
of  regaining  their  health  through  climatic  influences.  One  place 
failing,  they  go  to  another,  and  from  that  to  another  still;  for  there 
will  always  be  some  one  to  tell  of  the  wonders  that  lie  beyond,  and 
the  ill  are  credulous. 

Our  and  Southwest,  southern  California,  the  mountains  of  Colorado, 
and  parts  of  the  Carolinas  bear  the  reputation  of  therapeutic  £1 
Dorados,  and  there  has  been  a  vast  amount  of  travel  to  these  r^ons 
by  the  tuberculous  in  search  of  health.  From  an  extended  inspection 
of  trains  in  the  Southwest,  Sweet  '^  concludes  that  the  vast  majority 
of  cars  passing  through  western  Texas  and  New  Mexico  carry  con- 
sumptives at  some  stage  of  their  journey.  He  found  that  the  greater 
number,  about  50  per  cent,  ride  in  day  coaches,  while  30  per  cent 
occupy  tourist  sleepers  and  20  per  cent  are  in  standard  Pullmans. 
Contrary  to  what  might  be  expected,  he  found  the  local  traffic  heavier 
than  the  transcontinental  trains  in  the  number  of  cases  carried, 
though  the  latter  carried  the  larger  number  of  invalids.  Consump- 
tives, like  all  other  people  more  or  less  chronically  ill,  are  as  a  rule 
dissatisfied  with  their  surroundings,  and  many  of  them  even  after 
arrival  in  a  favorable  climate  wander  from  place  to  place  in  search 
of  better  conditions.  This,  according  to  Sweet,  together  with  the 
fact  that  much  of  the  population  of  the  Southwest  is  made  up  of  the 
invalid  class,  accounts  for  the  heavy  local  traffic. 

In  earlier  days  the  resort  regions  advertised  their  climatic  virtues 
extensively,  until  an  exaggerated  popular  belief  in  their]  curative 
qualities  was  produced;  and  they  welcomed  the  tuberculous  immi- 
grant. Both  the  advertising  and  the  welcome  have  now  largely  dis- 
appeared, but  without  having  had  any  very  great  restraining  influence 
on  the  amount  of  tuberculous  travel.  Sweet  believes  that  while  the 
transportation  of   far   advanced   cases  is  growing  somewhat  less, 

tJ  Sweet.  Interstate  Migratioa  of  Tubaroulous  Persons,  Public  Health  Reporta,  Apr.  9,  16,  and  S3,  1915; 
Ropriut  No.  289. 
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trayel  in  the  earlier  stages  is  increasing  rather  than  otherwise.  And 
he  finds  no  reason  to  doubt  the  estimate  of  the  National  Tuberculosis 
Association  that  annually  10,000  consiunptives  who  are  hopelessly 
diseased  go  into  the  West  to  die. 

In  addition  to  train  inspection,  much  information  concerning  the 
amount  of  tuberculous  travel  can  be  gained  from  a  study  of  the 
death  rates  of  communities,  estimates  of  the  tuberculous  population 
of  certain  favored  regions,  and  such  hospital  and  other  records  as 
are  available.  A  few  years  ago  the  United  States  Public  Health 
Service  made  an  extensive  study  of  the  interstate  migration  of  tuber- 
culous persons  on  such  a  basis.  One  of  the  investigations  was  re- 
ported by  Sweet  in  the  article  above  referred  to,  covering  the  States 
of  Texas  and  New  Mexico.  Others  were  made  by  Foster,'*  in  North 
and  South  Carolina;  Carrington,'*  in  California;  and  Lanza,'®  in 
Arizona  and  Colorado. 

The  report  by  Sweet  is  especially  thorough.  He  found  the  annual 
death  rate  from  tuberculosis  to  be  much  higher  in  the  resort  regions 
than  in  other  parts  of  the  country.  For  the  10-year  period  ending 
with  1912  it  averaged  1,404.6  per  100,000  of  population  in  Albu- 
querque, 788.7  in  El  Paso,  and  449.2  in  San  Antonio,  against  149.5 
in  the  whole  registration  area  of  the  United  States.  In  tracing  out 
the  origin  of  the  fatal  cases,  it  was  found  that  91  per  cent  of  those  at 
Albuquerque,  63.4  per  cent  of  those  at  El  Paso,  and  52.2  per  cent 
of  those  at  San  Antonio  were  among  interstate  migrants;  and  a  large 
proportion  of  those  coming  from  other  States  had  been  in  residence 
80  short  a  time  when  they  died  as  to  leave  no  doubt  that  they  had 
come  in  after  the  disease  was  well  advanced. 

Of  the  fatal  cases  in  Albuquerque  during  10  years,  15.6  per  cent 
<iied  within  30  days  after  arrival,  46.1  per  cent  within  6  months,  and 
57.8  per  cent  within  1  year.  For  El  Paso  the  figures  were  11.5  per 
cent  within  30  days,  30.5  per  cent  within  6  months,  and  38.8  per 
cent  within  a  year;  but  if  the  cases  among  the  Mexican  population 
of  El  Paso  are  eliminated,  the  figures  are  practically  the  same  as  for 
Albuquerque,  18  per  cent  dying  within  30  days  and  46.7  per  cent 
within  6  months  after  arrival.  In  San  Antonio  32.7  per  cent  of  the 
fatal  cases  had  been  iq  residence  less  than  6  months. 

These  figures  indicate  that  the  railroads  are  forced  to  carry  many 
cases  of  advanced  tuberculosis  to  the  report  regions;  but  they  by  no 
means  tell  the  whole  story,  because  they  do  not  include  the  many 
hopeless  cases  which  return  to  their  homes.  The  number  actually 
remaining  in  the  resorts  when  their  condition  is  hopeless  is  relatively 
small.    When  hope  is  gone,  they  go  back  to  their  relatives  and  friends. 

*  Posur,  Poldlo  Health  Repoits,  March  12, 191A;  Baprint  No.  255. 
*Ctmogtao.  iUd.,  March  10,  lOlA;  Reprint  No.  266. 

*  Uan,  Olid.,  Juzu  18, 1915;  Reprint  No.  283. 
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"the  sanatoria  almost  invariably  return  to  their  homes  the  far  ad- 
vanced cases,  in  order  to  avoid  the  depressing  influences  of  deaths  in 
their  midst,  and  this  is  also  a  general  custom  ^mong  practicing  phy- 
sicians. Furthermore,  the  various  relief  societies  and  State  agencies 
find  it  cheaper,  and  also  more  satisfactory  to  the  patient,  to  make 
similar  disposition  of  the  indigent  cases,  since  they  invariably  re- 
quire much  care  in  the  later  stages  of  the  disease.  All  this  serves  to 
increase  the  number  of  far-advanced  cases  transported,  and  inci- 
dentally to  decrease  the  local  tuberculosis  death  rate. 

From  the  data  obtained  in  his  survey.  Sweet  concludes  that  not 
less  than  10  per  cent  of  the  residents  of  the  arid  regions  of  the  South- 
west are  tuberculous,  or  have  some  member  of  the  family  who  is  so 
afflicted.  In  some  small  towns  in  western  Texas  the  proportion  is 
said  to  be  as  high  as  50  per  cent,  and  in  most  of  the  towns  of  New 
Mexico  20  per  cent  or  more.  Most  of  these  cases  have  come  from 
other  localities,  for  he  considers  it  to  be  a  fact  that  phthisis  develops 
relatively  infrequently  among  the  resident  population. 

An  intensive  study  in  a  Texas  community  of  16,000  recently  made 
by  Breed  ^  revealed  193  cases  of  tuberculosis,  172  of  which  had 
come  from  other  places  because  of  their  disease,  and  100  of  which 
had  been  in  residence  less  than  a  year.  A  third  of  all  the  cases  had 
been  ''wandering  about '*  for  their  health. 

Investigations  in  the  Carolinas,  California,  and  Colorado  and 
Arizona  gave  results  similar  in  kind  to  those  reported  for  Texas  and 
New  Mexico  by  Sweet,  though  differing  considerably  in  degree.  For 
all  regions  the  figures,  while  affording  no  basis  for  an  accurate  deter- 
mination of  the  amoimt  of  tuberculous  travel,  indicate  that  it  must 
be  very  large  to  all  resort  regions.  That  there  must  be  much  of  it 
also  in  other  parts  of  the  country  is  apparent  when  we  remembef  the 
great  prevalence  of  pulmonary  tuberculosis,  its  slow  and  chronic 
course,  and  that  a  large  proportion  of  its  victims  go  about  their 
ordinary  affairs  for  months  or  even  years  after  they  have  become 
diseased.  Of  these  last,  there  are  many  thousands  who  daily  mingle 
with  the  public  everywhere. 

It  will  be  clear  from  the  above  that  a  large  number  of  consumptives 
are  carried  on  the  railways.  In  what  way  and  to  what  degree  are 
they  a  danger  to  the  traveling  public  ?  And  does  the  danger  cease 
when  the  consumptive  disembarks,  or  is  it  possible  that  the  car  he 
has  occupied  may  become  a  source  of  danger  to  future  occupants  ? 
Even  with  all  the  available  facts  in  hand,  no  direct  and  positive 
answer  to  these  questions  is  possible,  because  our  knowledge  of  tuber- 
culosis is  not  yet  complete.  But  many  facts  have  been  brought  out 
in  recent  years  which  tend  to  clear  the  situation  and  enable  us  to 

n  Breed,  A  Study  of  the  Indigent  Migratory  Coosumpttve  Problem,  Am.  Rev.  of  Taberc,  Ittl,  iv. 
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approximate  the  truth.  That  the  danger  is  less  than  writers  of  even 
a  decade  ago  commonly  asserted,  I  believe  is  true;  that  it  is  something 
can  not  be  denied.  A  brief  review  of  our  present  conceptions  of  the 
epidemiology  of  tuberculosis  is  necessary  for  a  proper  consideration 
of  the  questions. 

Modes  of  tuberculous  infection, — In  order  that  we  may  know  the 
dangers  of  tuberculous  infection  and  be  able  to  apply  the  measures 
necessary  to  prevent  it,  the  way  in  which  tubercle  baciUi  enter  the 
body  must  be  definitely  known.  The  question  of  methods  of  infec- 
tion is  therefore  of  paramount  interest. 

The  three  obvious  portals  for  the  entrance  of  tubercle  bacilli  are 
the  respiratory  tract,  the  digestive  tract,  and  the  skin  or  mucous  mem- 
branes; by  inhalation,  by  ingestion,  and  by  inoculation,  respectively. 
Each  of  these  modes  of  infection  is  possible,  and  has  been  proved  to 
be  80  both  experimentally  and  clinically.  From  the  fact  that  the 
disease  is  usually  located  in  the  limgs  inhalation  has  been  considered 
by  many  authors  to  be  the  most  important  of  the  three,  but  the  indi- 
cations of  modem  investigation  are  that  ingestion  will  be  found  to 
be  of  very  much  greater  importance.  Infection  by  inoculation  is 
rare. 

It  is  conceivable  that  infection  by  inhalation  may  be  brought  about 
by  inhaling  dust  from  dried  and  pulverized  sputum,  or  by  inhaling 
droplets  of  mouth  spray  in  the  immediate  neighborhood  of  coughing 
consumptives.  Both  ways  are  believed  to  be  possible,  but  their 
relative  or  absolute  importance  in  bringing  about  infection  under 
natural  conditions  is  not  certain.  Sputimi,  by  reason  of  its  content 
of  mucus,  is  not  readily  pulverized.  The  making  of  dust  from 
moist  sputum  is  a  prolonged  process  even  under  the  most  favorable 
conditions,  requiring  an  interval  and  an  environment  which  are  more 
than  likely  to  destroy  or  to  render  innocuous  any  bacilli  which  it 
contains.  Tubercle  bacilli,  especially  if  exposed  to  light — and  light 
is  almost  necessary  for  thorough  drying— do  not  well  survive  the 
pulverizing  process.  Direct  simlight  kills  them  quickly,  and  even 
diffuse  light  kills  them  in  a  few  hours  or  days.  *  *It  is  exceedingly 
rare,"  says  Fishberg,"  '  *to  find  a  house  where  proper  precautions  are 
taken  as  to  expectoration  in  which  the  collected  dust  shows  virulent 
tubercle  bacilli.  Even  in  houses  inhabited  or  frequented  by  con- 
sumptives— sanitariums,  dispensaries,  railroad  stations,  cars,  etc. — 
no  dust  containing  virulent  tubercle  bacilli  has  been  foimd  in  most 
cases  investigated.  ♦  *  »  Dust  collected  in  the  streets  hardly 
ever  shows  the  presence  of  living  tubercle  bacilli.' ' 

It  is  doubtful,  furthermore,  if  dust  from  dried  sputum  is  often 
raised  to  such  a  height  in  houses  as  to  reach  the  ordinary  breathing 

"  FiahlMrf ,  Ptilmatimnr  Tuberculosis,  1910.  p.  43. 


32  COMMUNICABLE  DISEASES  AND  TEAVBL. 

zone  of  adult  inhabitants.  During  vigorous  sweeping  it  may  be, 
but  otherwise  it  is  not  likely.  Under  natural  conditions  the  dosage 
of  tubercle  bacilli  which  might  be  acquired  from  such  a  source  would 
ordinarily  be  small,  and  it  has  been  shown  that  small  numbers  of 
bacilli  can  be  readUy  disposed  of  by  the  human  organism.  The 
experimental  evidence  on  which  the  dust-infection  theory  rests  has, 
on  the  contrary,  usually  dealt  with  very  heavy  artificial  dosage; 
or  when  it  has  been  otherwise  the  results  have  been  mostly  negative. 
When  all  the  facts  are  considered,  the  dust-infection  theory,  in  its 
attempt  to  account  for  most,  or  even  many,  tuberculous  infections 
under  natural  conditions,  rests  on  an  insecure  foimdation.  It  must 
be  kept  in  mind,  however,  that  certain  kinds  of  dust,  particularly 
the  sharp  particles  derived  from  stone  and  metal,  injure  the  lungs 
in  such  manner  as  to  predispose  to  the  development  of  pulmonary 
infections.  Excessive  dustiness  is  therefore  to  be  avoided,  regard- 
less of  whether  the  dust  may  be  contaminated  with  tuberculous 
sputum. 

Careful  research  has  proved  that  the  air  exhaled  by  consumptives 
during  quiet  breathing  is  free  from  tubercle  bacilli,  but  the  fine 
moist  droplets  of  saliva  and  mucus  emitted  from  the  mouth  while 
talking,  coughing,  or  sneezing  do  often  contain  bacilli.  Fluegge  and 
his  followers  believe  that  the  inhalation  of  these  droplets  accounts 
for  the  majority  of  tuberculous  infections;  other  observers,  and 
especially  those  whose  work  is  more  recent,  do  not.  Most  investiga- 
tors have  found  that  when  a.  person  is  at  a  distance  of  3  or  4  feet 
from  the  coughing  patient  droplets  do  not  reach  far  enough  to  become 
a  possible  infective  agent,  excepting  perhaps  when  carried  by  strong 
air  currents.  The  bacilli  thus  eliminated  soon  sink  to  the  floor, 
and  thereafter  become  innocuous.  Another  important  factor  is 
that  the  dose  of  bacilli  which  may  be  thus  inhaled  is  very  small, 
probably  not  often  exceeding  the  limit  of  tolerance.  There  are  also 
many  natural  barriers  against  bacilli,  either  moist  or  dry,  being 
carried  into  the  lungs  by  inhalation.  The  nasal  passages,  mouth, 
and  throat  act  as  efficient  filters,  detaining  inhaled  droplets  or  dust 
on  their  moist  surfaces.  The  mucous  and  lymph  covered  walls  of 
the  trachea  and  bronchi  also  retain  impinging  particles;  and  the 
ciliated  epithelium  of  the  bronchial  tree  maintain  a  constant  outward 
fiow  of  the  surface  mucus  with  all  particles  that  have  been  caught. 
So  bacilli  can  not  enter  the  lungs  with  ease.  From  animal  experi- 
ments, Bacmeister  ^  foimd  that  they  only  rarely  do  so,  and  that  the 
inhalation  theory  of  infection  in  tuberculosis  is  very  poorly  supported. 
It  must  be  borne  in  mind,  however,  that  very  fiine  particles  of  one 
kind  and  another  may  and  do  enter  the  lungs  with  the  inspired  air, 

•»  Baomeister,  quoted  by  Fishberg,  1.  c,  p.  46. 
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as  is  evident  from  the  common  finding  of  carbon  pigment  in  the  lungs 
of  citj  dwellers,  and  it  is  possible  that  tubercle  bacilli  may  be  thus 
sometimes  brought  there.  But  whether  they  are  likely  to  cause 
local  infection  is  a  disputed  question,  with  the  weight  of  evidence 
apparently  against  it  at  the  present  time. 

It  seems  much  more  probable,  from  the  evidence  we  now  have, 
that  infection  of  the  lungs  with  tubercle  bacilli  is  usually  by  way  of 
the  blood  stream  and  lymphatics,  and  that  the  common  portal  of 
entrance  into  the  body  is  by  way  of  the  mouth  and  alimentary  canal. 
The  vast  opportunity  for  hand-to-mouth  infection  from  raw  sputum, 
which  is  so  carelessly  and  promiscuously  spread  about  by  coughing 
ooQsumptives,  will  be  readily  realized.  This  is  looked  upon  by 
Krause  '^  as  probably  the  most  important  mode  of  obtaining  tubercle 
bacilli.  The  fact  that  so  many  children  become  infected  soon  after 
ibej  begin  to  play  about  on  the  floors  or  in  the  streets  is  a  significant 
fart  in  support  of  this  view.  There  is  also  opportunity  for  ingesting 
tub^rle  bacilli  with  contaminated  food  and  drink,  and  especiaUy 
from  eating  and  drinking  utensils  which  have  been  used  by  the 
tuberculous  and  have  been  inefficiently  cleansed.  Cummings  '* 
considers  the  last  the  major  mode  of  infection.  He  has  done  much 
experimental  work  with  dishes  and  dish  washing,  the  results  of  which 
lend  some  measure  of  support  to  his  contention. 

The  evidence  that  ingestion,  as  opposed  to  inhalation,  is  the 
chief  mode  of  tuberculous  infection  under  the  normal  conditions  of 
living  becomes  each  year  more  convincing  and  more  generally 
accepted.  Even  from  dust  and  moist  droplets,  infection  may  be 
bmught  about  by  way  of  the  digestive  tract;  for  what  lodges  in  the 
mfiuth  is  soon  swallowed  with  the  saliva,  and  what  lodges  in  the 
trachea  and  larger  bronchi  is  swept  back  into  the  throat  to  be  swal- 
l*nred  later;  or  the  bacilli  may  find  entrance  to  the  tissues  directly 
from  the  throat  through  the  tonsilar  crypts  and  mucosa. 

Bat  whatever  may  be  the  route  by  which  tubercle  bacilli  enter 
the  body,  there  is  no  dispute  of  the  fact  that  the  sputum  of  tuber- 
niious  people  is  by  all  odds  their  most  important  and  frequent 
•Hiorce.  Effective  preventive  measures  will  therefore  require  the 
proper  disposal  of  sputum;  and  this  should  be  done  on  the  assumption 
that  any  or  all  of  the  methods  of  infection  proposed  may  suffice 
uodcr  certain  conditions.  While  it  now  appears  that  the  greatest 
iiasign  comes  from  contact  with  raw  sputum,  by  manual  transfer  to 
the  mouth,  other  things  should  not  be  neglected.  Sputum  must 
twt  be  spra^'-ed  as  droplets  into  the  faces  of  people,  deposited  on  the 
flowr  where  it  may  become  converted  into  dust  or  picked  up  on 
childTen's  fingers,  allowed  to  contaminate  eating  utensils  and  food. 


oa  TabeiCQloilf,  Journal  of  the  Outdoor  life,  1019,  XVI,  106. 
Jour.  Am.  Med.  Assoc.,  1920,  74, 1072. 


34  COMMUNICABLE  DISEASES  AND  TRAVEL. 

nor  spread  about  in  any  place  where  it  may  become  a  source  of  infec- 
tion through  the  various  forms  of  contact;  for  so  long  as  it  is  indis- 
criminately spread  about,  the  multitudinous  opportunities  for  infec- 
tion will  remain  and  the  multitude  of  infections  will  take  place. 

Extent  of  tuberculous  infection. — The  excessive  prevalence  of 
tuberculous  disease  is  a  fact  of  common  knowledge;  the  vastly 
greater  prevalence  of  infection  with  tubercle  baciUi,  without  the 
development  of  disease,  is  not  so  commonly  known.  Investigation 
has  shown  that  from  80  to  90  per  cent  of  adult  human  beings  who 
come  to  autopsy  have  visible  evidence  of  tuberculous  infection 
somewhere  in  their  bodies,  whatever  the  cause  from  which  they  died, 
and  even  a  larger  proportion  of  the  living  give  the  specific  skin 
reaction  which  indicates  such  infection,  though  relatively  few  of 
either  class  show  any  evidence  of  the  disease  in  active  form.  Only 
in  the  small  minority  of  those  who  are  infected  does  the  presence  of 
tubercle  bacilli  in  the  tissues  bring  about  the  changes  or  cause  the 
symptoms  that  we  know  as  the  disease  tuberculosis.  The  great 
majority  go  through  life  infected,  but  so  far  as  they  know  or  as  can 
be  ascertained  they  remain  entirely  healthy  and  well. 

During  the  first  two  years  of  life  the  vast  majority  of  children  are 
free  from  tuberculous  infection.  But  as  they  grow  older  and  b^n 
to  run  about  and  increase  their  opportunities  for  contact,  the 
proportion  found  to  be  infected  increases  rapidly,  so  that  at  the  age 
of  6  about  50  per  cent,  and  at  puberty  about  75  per  cent,  are  found 
to  be  infected.  From  that  time  on  the  proportion  slowly  increases, 
until  by  the  third  decade  infection  is  practically  universal.  *•  On 
the  basis  of  such  figures,  and  they  are  fully  substantiated  by  numer- 
ous investigations,  it  must  be  concluded  that  the  tubercle  bacillus  is 
very  widely  distributed  and  that  no  one  can  wholly  escape  it. 

Genesis  of  tuberculous  disease, — It  is  clear  that  the  presence  of 
tubercle  bacilli  in  the  body  does  not  necessarily  call  forth  any  active 
tuberculosis.  In  spite  of  our  nearly  universal  infection,  the  most 
highly  tuberculized  community,  except  in  certain  regions  frequented 
as  health  resorts,  does  not  show  more  than  2  or  3  per  cent  of 
active  cases  at  any  one  time,  and  but  little  more  than  10  per  cent 
will  ever  become  manifestly  ill  of  tuberculous  disease.  Just  why 
the  few  succumb  while  the  majority  escape  we  do  not  fully  know. 
But  to  all  infections  we  have  some  degree  of  resistance  which  must 
be  overcome  before  they  produce  disease,  and  in  the  case  of  tuber- 
culosis most  people  have  acquired,  or  in  some  way  they  possess^ 
enough  resistance  to  protect  them. 

That  infection  with  tubercle  bacilli  is  the  prerequisite  of  tubercu- 
losis  is  beyond  a  shadow  of  doubt,  but  something  more  than  infection 

M  Figures  from  Krause,  Essays  on  Tuberculosis,  Journal  of  the  Outdoor  lAitf  1918,  XV,  163. 
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alone  is  needed  to  bring  about  active  tuberculous  disease;  resistance 
must  be  overcome  by  the  invading  parasite.  Among  a  possible 
multitude  of  conditions  that  may  determine  the  overcoming  of 
resistance,  and  infection  becoming  disease,  two  things  stand  out 
prominently — laige  dosage  of  tubercle  bacilli  and  repetition  of  the 
infection.  It  has  been  clearly  shown  that  a  few  bacilli  may  be 
successfuUy  taken  care  of;  but  massive  infection,  and  small  doses 
repeated  frequently  enough  to  amount  to  that,  can  not.  Of  first 
importance,  then,  in  the  campaign  against  tuberculosis,  is  the 
protection  of  healthy  subjects  against  massive  or  frequent  infection. 

It  is  now  fully  recognized  that  the  younger  the  individual  the 
more  likely  is  he  to  develop  acute  disease  from  any  given  tuberculous 
infection.  Very  young  children  have  very  little  resistance,  and 
succumb  most  readily  when  they  become  infected.  One  exposure, 
or  a  small  dose  of  tubercle  bacilli,  may  be  very  dangerous  to  a  small 
child,  whereas  the  same  exposure  or  dosage  may  be  harmless  to  an 
adult.  The  adult  has,  in  the  vast  majority  of  instances,  already 
been  infected,  probably  not  once  but  many  times,  and  he  bears  the 
evidence  of  it  in  his  body.  It  is  more  than  probable  that  in  the  very 
process  of  overcoming  these  past  infections  he  has  developed  the 
immunity  that  now  in  a  large  degree  protects  him.  There  is  no  doubt 
whatever  that  some  change  takes  place  in  the  body  as  the  result  of 
infection  with  tubercle  bacilli  which  renders  its  reaction  to  further 
infection  different  from  the  reaction  observed  in  the  infection  of 
virgin  soil,  something  which  renders  the  individual  more  resistant. 
The  young  child  is  virgin  soil.  As  time  goes  on  its  tissues  will  inevi- 
tably become  the  seeding  ground  for  tubercle  bacilli.  The  longer  the 
sowing  is  delayed  the  better  is  the  chance  of  its  failing  to  produce 
disease  at  once,  and  the  smaller  the  early  dosage  of  infection  the 
greater  is  the  probability  of  the  child's  developing  the  immunity  that 
will  protect  his  later  life. 

Many  excellent  observers  now  believe  that  tuberculosis  makes 
only  a  single  invasion  in  the  pathologic  sense.  This  original  tubercu- 
lous infection  may  lead  to  acute  and  generalized  disease,  as  it  often 
does  in  the  very  young;  but  in  the  majority  of  instances  the  growth 
of  the  bacilli  is  limited  by  the  development  of  immunizing  substances 
in  the  tissues  so  that  they  cause  only  a  local  lesion,  which  then  lies 
dormant  and  protects  against  reinfection  from  without.  Whether 
iUness  will  ever  develop  from  the  original  tuberculous  lesion  depends 
on  the  mass  of  the  original  infection  and  on  the  various  factors  of 
hygiene  and  intercurrent  disease  that  tend  to  break  down  the  resist- 
ance of  the  tissues;  for  all  immunity  is  relative,  not  absolute. 

In  such  a  conception  the  chronic  tuberculosis  we  see  in  the  period 
after  childhood  is  only  a  lighting  up  and  extending  of  an  old  and 
dormant  process;  it  is  the  growth  of  an  old  infection  rather  than  the 
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acquiring  of  a  new  one.  There  is  much  to  support  this  view.  The 
statistics  of  hospitab  and  sanatoria  for  the  tuberculous  show  that 
the  prevalence  of  phthisis  among  the  attendants  is  no  greater  than 
in  other  divisions  of  the  civil  population;  and  these  statistics  hold 
good,  according  to  Fishberg,*^  through  a  period  long  preceding  the 
modem  practice  in  such  institutions  of  that  painstaking  care  of  the 
sputum  which  tends  to  limit  the  possibility  or  the  massiveness  of 
infection.  It  has  also  been  observed  that  the  mild  case  entering  such 
an  institution  is  in  no  danger  of  superinfection  from  the  more  active 
cases  with  which  he  comes  in  contact.  The  course  of  his  disease  is 
in  no  way  affected  by  such  contact.  In  young  children  the  disease 
is  usually  acute,  but  when  adults  of  primitive  peoples  among  whom 
tuberculosis  has  not  before  existed  are  first  infected  from  foreign 
sources,  they  react  as  children  do  and  die  oracute  disease;  they  have 
not  the  acquired  immunity  which  is  developed  as  the  result  of  early 
and  minute  doses  of  tubercle  bacilli. 

Dangers  of  tuberculous  travel, — The  time  relation  between  tuber* 
culous  infection  and  tuberculous  disease  is  so  indefinite  that  in 
epidemiologic  studies  we  can  only  generalize,  weighing  the  possible 
chances  of  recent  infection  against  those  that  are  more  remote.  It 
is  rarely  possible  to  know  the  origin  of  any  case  exactly.  This  makes 
it  difficult  to  determine  the  effect  on  the  public  health  of  the  travel 
of  phthisical  patients.  There  is  little  direct  evidence  in  hand,  and 
not  a  great  deal  that  is  obtainable.  Interpretation  of  the  danger 
must  therefore  be  based  lai^ely  on  our  general  knowledge  of  the 
modes  of  tuberculous  infection  and  the  genesis  of  tuberculous  disease, 
which  has  been  given  in  outline  above. 

There  are  two  possible  sources  of  tuberculous  infection  in  railway 
cars — the  patient  himself  and  the  car  or  its  furnishings  after  the 
patient  has  left  it.  From  the  patient  himself  the  possibility  lies  in 
droplets  of  mouth  3pray  and  in  the  various  forms  of  direct  and  in- 
direct contact  with  his  sputum;  from  the  car  the  possibility  lies  in 
dried  sputum  deposits  or  dust. 

It  has  already  been  Fxtated,  on  the  authority  of  Fishberg,  that  it  is 

rare  to  find  virulent  tubercle  bacilli  in  houses  frequented  by  the 

tuberculous  if  proper  precautions  are  taken  as  to  expectoration,  and 

that  none  had  been  found  in  public  places,  such  as  railway  cars  and 

stations,  in  most  investigations.     It  can  scarcely  be  alleged,  however, 

that  railway  passengers  are  a  very  careful  lot.     It  is  not  surprising  if 

they  sometimes  leave  behind  them  sputum  containing  bacilli,  which 

as  a  matter  of  fact  they  do.     Thus  Prausnitz  "  and  Petri  '*  were 

sometimes  able  to  demonstrate  tubercle  bacilli  on  the  floors  of  cars 
""       *        '         '  '  -  _ -  „  _  _ 

"  Fishberg,  Pulmonary  Tuberculosis,  1919,  p.  122. 

*  Muench.  Med.  Woch.,  1892. 

»  Arb.  a.  d.  kais.  (lesundheitsamt,  1894. 
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carrying  many  consumptives  to  the  health  resorts  of  Switzerland  and 
to  Berlin  dnring  the  early  activity  of  the  Koch  tuberculin  treatment, 
when  tuberculous  travel  was  heavy  and  promiscuous  spitting  was 
common. 

Somewhat  later,  in  this  coimtry,  Kinyoim  *•  made  an  extended  in- 
vestigation of  the  bacteria  to  be  foimd  in  railway  cars;  and  he  also 
found  tubercle  bacilli,  but  only  very  rarely.  He  collected  the  dust 
from  the  floors,  carpets,  and  upholstery,  and  from  the  air  of  cars,  and 
subjected  it  to  microscopic  examination,  bacteriological  cultm^,  and 
animal  inoculation. 

He  similarly  tested  the  material  gained  by  rubbing  with  moist 
swabs  the  interiors  of  cars.  In  the  many  samples  which  were  exam- 
ined microscopically  two  were  foimd  containing  an  organism  resem- 
bling the  tubercle  bacillus,  but  identification  could  not  be  made 
complete  nor  the  question  of  virulence  solved.  Of  196  guinea  pigs 
which  were  inoculated  intraperitoneally  with  the  dust  and  other 
materials,  only  one  developed  a  positive  tuberculosis.  When  the 
extareme  susceptibility  of  these  animals  to  very  small  doses  of  tubercle 
bacilli  is  considered,  and  that  many  of  the  cars  examined  were  run- 
ning to  health  resorts  in  the  Southwest  and  carried  many  consump- 
tives, the  surprising  fact  is  not  that  tubercle  bacilli  were  found  by 
this  very  delicate  test,  but  that  so  few  were  found. 

If  the  results  obtained  by  Kinyoim  may  be  taken  as  typical,  even 
though  dust  were  a  more  potent  source  of  tuberculous  infection  than 
is  now  commonly  supposed,  it  would  seem  that  the  chances  for  infec- 
tion from  this  source  under  the  normal  conditions  of  travel  must  be 
exceedingly  small.  There  is  no  natural  method  of  infection  which 
approaches  in  delicacy  and  certainty  the  injection  of  organisms  into 
the  peritoneum,  and  even  to  that  delicate  test  for  the  presence  of 
tubercle  bacilli  the  human  being  would  be  many  times  more  resistant 
than  is  the  guinea  pig.  The  inference  seems  to  be  warranted  either 
that  few  tubercle  bacilli  are  deposited  in  cars  or  that  the  most  of  them 
soon  die.  The  number  deposited  depends,  of  course,  on  the  habits  of 
those  who  travel,  and  the  continued  crusade  against  spitting  has 
probably  determined  that  fewer  are  deposited  now  than  were  in  for- 
mer times,  but  the  habits  of  travelers  are  not  yet  as  good  as  is  desir- 
able. Good  car  cleaning  would,  of  course,  tend  to  limit  the  nimiber 
fomid  at  any  time ;  but  the  fact  that  cars  have  many  windows  and  are 
freely  flooded  with  sunlight,  known  to  be  destructive  to  the  life  or 
virulence  of  tubercle  bacilli,  is  probably  of  the  greatest  importance 
in  determining  the  meager  findings  that  have  been  made. 

The  facts  as  outlined  seem  to  indicate  that  the  danger  of  acquiring 
tuberculous  infection  from  the  previously  infected  car  must  be  very 
small,  and  the  tuberculous  fellow  traveler  becomes  the  matter  of 

•  Klayomi,  The  Bacterial  Content  of  the  Railway  Coach,  Med.  News,  July  29, 1906. 
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most  importance  from  the  standpoint  of  public  health.  It  is  highly 
probable  that  tuberculous  infection  is  contracted,  imder  natural 
conditions,  chiefly  from  contact  with  the  freshly  voided  sputum  of 
those  persons  who  have  phthisis.  It  must  be  remembered,  however, 
that  tuberculosis  is  an  ubiquitous  disease.  Simple  proximity  to  it 
is  unavoidable.  Whenever  we  go  into  pubUc  places  we  are  liable 
to  come  in  contact  with  those  who  have  it.  Such  danger  as  that 
involves  is  present  everywhere.  In  this  regard  the  railway  car  differs 
but  little  from  the  theater,  moving-picture  hall,  department  store, 
street  car,  school,  office,  and  other  similar  places;  all  are  liable  to 
have  in  them  active  cases  of  phthisis.  And  active  cases  of  phthisis  ! 
are  the  source  of  tuberculous  infection.  ! 

It  is  generally  assumed  that  the  danger  of  tuberculous  infection  is 
proportional  to  the  severity  of  the  patient's  illness.  In  general  this 
may  be  true,  but  it  is  not  necessarily  so.  The  advanced  case  may  be, 
and  often  is,  a  safer  companion  than  the  early  case;  for  many  of 
those  who  are  only  shghtly  sick  produce  large  numbers  of  tubercle 
bacilU,  and  some  of  those  whose  disease  is  far  advanced  pro- 
duce relatively  few  bacilli.  It  is  probable  also  that  the  advanced 
cases  have  had  more  and  better  training  in  the  protection  of  their 
surroimdings  and  of  those  about  them.  The  car  is  perhaps  more 
likely  to  have  in  it  actual  invalids  than  are  other  public  places;  but 
these  will  at  most  make  up  only  a  small  proportion  of  the  total  cases 
met  with  and  need  not  add  materially  to  the  danger,  which  depends 
far  more  on  the  habits  of  the  patient  than  on  the  stage  of  his  disease. 

So  far  as  the  danger  of  infecting  adults  is  concerned,  the  vast 
majority  of  them  have  already  been  infected  with  tubercle  bacilli 
and  have  acquired  the  relative  immunity  to  further  infection  from 
without  which  is  conferred  by  overcoming  an  infection  in  early  life. 
Lowered  resistance  and  breakdown,  not  an  immediately  preceding 
infection,  sets  the  date  for  the  onset  of  phthisis  in  such  persons. 
But  acquired  immunity  to  infectious  diseases  is  rarely  absolute; 
it  is  only  relative — sufficient  for  the  ordinary  conditions  of  life, 
and  failing  in  emergencies,  of  which  massive  infection  should  perhaps 
be  considered  one.  The  question  arises  in  the  case  of  tuberculosis. 
Does  association  in  railway  cars  afford  opportimity  for  the  massive 
infection  that  might  constitute  such  an  emergency  ?  It  appears  that 
it  does  not;  for  experience  has  taught  us  that  both  prolonged  and 
intimate  contact  is  necessary  for  such  a  result,  and  in  ordinary 
railway  journeys  neither  condition  prevails. 

It  is  conceivable  that  the  conditions  surrounding  railway  travel 
might  contribute  to  the  lowering  of  personal  resistance  in  such  a 
degree  as  to  determine  the  Ughting  up  of  old  tuberculous  foci.  The 
riding  of  railway  trains  can  scarcely  be  called  a  stimulating  occupa- 
tion; there  is  involved  in  it  very  often  a  certain  amount  of  irregularity 
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and  hardship.  Habits  of  eating;  of  exercise,  of  rest,  and  of  sleep 
may  be  thrown  out  of  their  normal  relations;  there  may  be  exposure 
to  dust;  or  to  inadequate  ventilation  and  heat;  and  if  journeys  are 
long  there  may  be  considerable  fatigue  for  those  unaccustomed  to 
travel.  But  such  influences  must  be  much  more  prolonged  and 
much  more  marked  than  they  are  under  the  ordinary  conditions  of 
travel  if  they  are  to  attain  to  much  importance  in  bringing  about 
such  a  result. 

If  railway  coaches  and  sleeping  cars  were  a  potent  source  of 
tuberculous  infection  or  had  any  perceptible  influence  in  causing 
the  development  of  tuberculous  disease,  we  should  expect  this  fact 
to  appear  in  its  influence  on  the  health  of  those  employees  who  are 
obliged  to  spend  a  large  portion  of  their  lives  in  these  cars — ^we 
should  expect  to  find  a  high  tuberculosis  rate  among  passenger- 
train  conductors,  passenger  brakemen,  and  sleeping-car  conductors 
and  porters.  Unfortunately  there  are  very  few  exact  data  on  this 
point.  There  is,  however,  among  railway  surgeons  of  large  experi- 
ence, a  common  beUef  that  the  case  is  otherwise — that  passenger- 
train  men  suffer  rather  less  from  tuberculosis  than  do  other  classes 
of  employees.  Railways  have  rarely  kept  statistics  in  such  detail 
as  will  verify  the  correctness  of  this  view,  but  we  have  in  figures 
from  the  Pennsylvania  Railroad  relief  fund,  published  by  Dudley** 
in  1905,  some  evidence  that  supports  it.  The  statistics  showed  that 
tuberculosis  was  more  prevalent  among  freight-train  conductors 
and  brakemen  belonging  to  the  fund  during  the  18  years  of  its 
life  than  among  the  corresponding  employees  on  passenger  trains, 
the  average  yearly  disablement  rates  from  tuberculosis  being  as 
follow: 

Per  100,000  per  annum. 

DiBtblement  rate  for  paesenger  conductors 330 

Diatblement  rate  for  passenger  brakemen 120 

Duftblement  nvie  for  freight  conductors 400 

Disablement  rate  for  freight  brakemen 170 

The  conductors  represented  in  the  above  groups  were  mostly 
older  employees  who  had  been  taken  into  the  fund  without  examina- 
tion, while  the  brakemen  were  yoimger  employees  who  had  been 
examined  and  pronounced  sound  before  admission.  This  is  sup- 
posed to  explain  the  lower  disability  rate  among  the  brakemen  of 
each  class  than  among  the  corresponding  conductors.  It  will  be 
noted,  however,  that  both  conductors  and  brakemen  on  freight  trains 
suffered  more  disability  from  tuberculosis  than  the  corresponding 
groups  on  passenger  trains. 

The  statistics  of  deaths  from  tuberculosis  were  considered  reli- 
able only  during  the  last  four  years  of  the  period  covered  by  the 

^Dudley,  Tb«  Dissemination  of  Tubercnlosis  as  Affected  by  Railroad  Travel,  The  Medical  News,  De- 
cember 16,  igos. 
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above  figures,  during  which  all  cases  of  illness  were  carefully  followed 
even  after  leaving  the  company^s  service.  The  death  rates  from 
tuberculosis  were  as  follow: 

«  Per  100,000  per  annum. 

Death  rate  for  all  members  of  the  fund 90 

Death  rate  for  passenger  conductors 77 

Death  rate  for  passenger  brakemen 52 

Death  rate  for  freight  conductors 100 

Death  rate  for  freight  brakemen 67 

Here  again,  as  in  the  previous  case,  the  danger  of  tuberculosis  as 
measured  by  the  death  rate  in  these  groups  is  less  for  passenger- 
train  men  than  for  freight-train  men,  and  in  the  case  of  the  passenger- 
train  men  both  conductors  and  brakemen  show  a  lower  death  rate 
than  the  average  for  the  whole  membership  of  the  fund. 

Nor  does  it  appear  that  railway  employees  in  general  suffer  more 
from  tuberculosis  than  do  those  engaged  in  other  occupations.  In- 
deed, it  seems  that  they  suffer  rather  less  than  the  average.  Hemin- 
way*^  says,  *'it  appears  that  those  who  travel  are  less  likely  to  con- 
sumption than  those  who  stay  at  home,''  a  statement  which  he 
supports  in  part  by  the  following  table  compiled  from  the  United 
States  MortflJity  Statistics  for  the  decade  ending  1909,  showing  the 
relation  of  deaths  from  consumption  to  the  total  number  of  deaths 
in  certain  occupation  groups : 


All  occupations 

Steam    railroad    em- 
ployees  

Pnysicians 

Lawyers 

Commercial  travelers.. 


Total 

Con- 

Con- 

deaths. 

sump- 
tioo. 

sump- 
tion. 

Ptr  cent. 

204,976 

29,821 

14.5 

5,368 

386 

7.2 

1,421 

94 

6.6 

1,325 

99 

7.5 

540 

54 

lao 

Boatmen 

Salesmen 

Food  manufacturers — 
Street  car  employees. . . 

Bookkeepers 

Qerks 


Total 

Con- 

deaths. 

sumi>- 
Uon. 

1,706 

179 

2,513 

398 

3,140 

505 

686 

128 

1,702 

372 

6,772 

1,908 

COQ- 

somp- 

tlOQ. 


Per  eem. 
ia5 
15.8 
16.0 
18LB 
2L8 

2&a 


Regulation  of  tuberculous  travel. — In  cars,  as  everywhere  else, 
young  children  are  most  in  danger  of  acquiring  tuberculous  infection. 
Not  only  are  they  more  highly  susceptible  than  older  people,  and 
unprotected  by  the  partial  inmiunity  derived  from  overcoming  an 
earlier  infection,  but  they  have  not  acquired  those  habits  of  personal 
cleanliness  that  come  with  later  years  and  that  are  such  potent 
factors  in  the  self-protection  against  all  infectious  diseases.  Their 
universal  tendency  to  establish  relations  with  their  new  world  through 
the  sense  of  taste  renders  them  especially  liable  to  that  commonest 
of  all  modes  of  infection — directly  from  hand  to  mouth.  In  every 
public  place  they  should  be  kept  from  playing  on  floors,  where 
sputum  contamination  is  most  likely  to  be  found  and  where  cuspidors 
may  be  in  all  too  easy  reach  of  their  exploring  fingers. 


4*  Ueminway,  The  Transportaion  of  Consumptives,  The  Railway  Surgical  Journal,  1915,  XXI,  35. 
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As  we  now  understand  the  problem,  the  limitation  of  tuberculous 
disease  depends  in  large  measure  on  the  protection  of  early  childhood 
Against  infection.  While  children  represent  only  a  small  proportion 
of  travelers,  from  the  standpoint  of  the  hygiene  of  travel  they  are 
the  most  important  part  and  require  the  most  careful  protection. 

But  while  the  protection  of  children  against  infection  is  more 
important  than  that  of  adults,  the  interests  of  the  adult,  though  he 
is  relatively  invulnerable,  must  not  be  lost  sight  of  or  neglected.  All 
measures  must  be  general.  Calmette  **  has  said,  ''the  guiding  princi- 
ple in  the  social  campaign  against  tuberculosis  is  the  protection  of 
healthy  subjects^  whether  infant  or  adult,  against  massive  or  frequent 
infection.  This  fundamental  idea  should  be  made  known  among 
the  people  by  every  possible  means.''  And  because  both  of  the  real 
protection  involved  and  of  its  educational  value,  tuberculous  travel 
should  be  surrounded  by  restrictions. 

In  recent  years  many  States  have  forbidden  tuberculous  persons 
to  engage  in  certain  occupations,  particularly  those  having  to  do 
with  the  preparation  of  food  and  with  the  care  of  children,  but  few 
have  dealt  in  any  way  with  restriction  of  their  movement,  and  those 
few  have  scarcely  gone  further  than  to  provide  for  the  moderate 
restraint  of  such  patients  as  show  themselves  more  than  ordinarily 
negligent  of  the  simplest  rules  of  hygiene  and  who  persist  in  their 
refusal  to  follow  advice.  With  a  single  possible  exception,**  none  of 
the  States,  by  either  law  or  regulation  has  forbidden  them  to  travel, 
though  a  few,  following  the  example  of  the  Interstate  Quarantine 
Regulations  of  1916,  and  more  recently  by  adopting  the  Standard 
Railway  Sanitary  Code,  have  laid  down  certain  conditions  with 
which  they  must  comply  when  travel  is  undertaken.  The  care  of  the 
sputum  has  properly  been  the  point  of  attack  where  regulations 
have  been  made.  The  section  of  the  Standard  Railway  Sanitary 
Code  covering  the  matter  reads  as  follows : 

Sbc.  9.  Pulmonary  tuberculosis. — Common  carriers  shall  not  accept  for  transporta- 
tion any  peison  known  by  them  to  be  afflicted  with  pulmonary  tuberculosis  in  a 
comiDunicable  stage  unless  said  person  is  provided  with  (a)  a  sputum  cup  made  of 
unpervious  material  and  so  constructed  as  to  admit  of  being  tightly  closed  when  not 
in  use,  (6)  a  sufficient  supply  of  gauze,  paper,  or  similar  articles  of  the  proper  size  to 
cover  the  mouth  and  nose  while  coughing  or  sneezing,  (c)  a  heavy  paper  bag  or  other 
tight  container  for  receiving  the  soiled  gauze,  paper,  or  similar  articles;  and  unless 
0uch  person  shall  obligate  himself  to  use  the  articles  provided  for  in  the  manner  in- 
tended, and  to  destroy  said  articles  by  burning  or  to  disinfect  them  by  immersing 
^tt  least  one  hour  in  a  5  per  cent  solution  of  carbolic  acid  or  other  solution  of  equiv- 
^ent  disinfecting  value;  nor  shall  any  person  knowing  himself  to  be  so  afflicted 
apply  for,  procure,  or  accept  transportation  unless  he  shall  have  agreed  to  and  made 
^  necessary  arrangements  for  complying  and  does  so  comply  with  the  regulations 
M  set  forth  in  this  section. 
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Such  are  the  regulations  in  the  States  of  Alabama,  Florida,  Greorgia,. 
Illinois,  Kansas,  Kentucky,  Louisana,  Maine,  Maryland,  Michigan^ 
Minnesota,  Mississippi,  New  Hampshire,  North  Dakota,  South  Caro- 
lina, Tennessee,  Virginia,  West  Virginia,  Washington,  and  Wisconsin. 
The  regidations  in  Oklahoma  and  Montana,  and  for  all  travel  from  one 
State  into  another  under  the  Interstate  Quarantine  Regulations,  are  the 
practical  equivalent  of  the  above.  It  will  be  noted  that  under  these 
regulations  the  responsibility  for  preventing  tuberculous  travel  lies 
largely  with  the  individual  who  has  the  disease.  This  provision  is 
a  necessary  one;  for  without  an  obligation  being  placed  on  the 
patient  to  refrain  from  traveUng  or  to  make  his  condition  known, 
the  railroads  have  practically  no  power  to  make  the  regulations 
eflFective.  They  can  not  know  the  tuberculous  individual;  the 
patient  should  be  enjoined  to  provide  the  things  required  of  him  out 
of  his  own  initiative  and  out  of  his  own  knowledge  of  his  condition. 
In  the  absence  of  such  an  obligation,  no  plan  can  accomplish  much. 

Perhaps  in  the  case  of  phthisis  no  plan  can  accomplish  very  much 
anyway;  but  the  very  greatness  of  the  tuberculosis  problem  makes 
every  point  of  attack"  an  important  one  and  every  possible  means 
of  limiting  the  chances  of  massive  infection,  more  especially  the 
infection  of  children,  worthy  of  such  effort  as  can  be  accorded  to  it. 
The  injunction  to  the  tuberculosis  patient  in  traveling  is  the  in- 
junction to  the  tuberculosis  patient  everywhere.  On  the  patient 
rests  the  responsibility  of  being  careful  of  his  sputum,  of  avoiding 
such  distribution  of  it  as  will  render  others  liable  to  infection.  When 
he  rides  in  public  vehicles  his  responsibility  does  not  cease,  but 
rather  increases,  and  every  means  should  be  taken  to  bring  this  fact 
home  to  him. 

It  is  scarcely  necessary  to  expand  upon  the  details  of  carrying 
out  the  provisions  of  the  regulations  quoted.  With  the  exception  of 
the  sputum  cup  they  are  simple:  Sputum  must  not  be  distributed: 
what  is  contaminated  with  sputum  must  be  put  away  and  destroyed. 

Concerning  the  sputimi  cup,  I  am  not  sanguine.  I  have  rarely  seen 
them  used  outside  of  institutions.  They  are  too  conspicuous  to  appeal 
to  the  average  individual  as  a  desirable  companion.  The  destructible 
paper  one  is  practically  hopeless  in  car  service;  there  is  no  place  to 
put  it  when  not  in  use ;  it  soon  becomes  foul  and  may  readily  defeat 
its  own  purpose;  it  is  scarcely  better  than  the  ordinary  cuspidor, 
which  indeed  may  be  used  practically  without  danger  to  anyone 
provided  it  is  used  carefully  and  sputum  is  actually  deposited  within 
it.  But  the  metal  pocket  flask,  if  properly  made,  is  neither  unsightly 
nor  troublesome,  is  conveniently  used  and  easily  put  away,  and  the 
tuberculous  patient  who  understands  and  has  a  sanitary  conscience 
will  surely  provide  himself  with  one. 
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4.  LEPROSY. 

Leprosy  is  one  of  the  oldest  known  diseases.  It  was  much  more 
preraleot  in  ancient  times  and  down  through  the  Middle  Ages  than  it  is 
now,  but  it  still  prevails  widely  in  certain  parts  of  the  world,  such  as 
India,  China,  Japan,  and  South  Africa.  There  are  many  cases  in 
the  Philippine  and  Hawaiian  Islands.  On  this  continent  the  disease 
is  relatively  rare,  but  it  exists  in  the  Gulf  States,  among  the  orientals 
on  the  Pacific  coast,  and  considerably  in  Mexico. 

Leprosy  is  presumably  transmitted  by  the  discharges  from  the 
sores  which  form  the  open  lesions  of  the  disease.  These  may  be 
located  on  the  surface  or  in  the  mucous  membranes.  The  mouth, 
nose,  and  throat  are  favorite  locations,  but  the  conjimctiva  and  the 
intestinal  mxicosa  may  be  involved.  The  sputimi  and  nasal  secre- 
tions often  contain  the  lepra  bacilU  in  large  numbers. 

Leprosy  was  looked  upon  as  contagious  in  very  ancient  times.  It  is 
now  known,  however,  that  the  disease  is  not  so  easily  transmitted  as  it 
was  thought  to  be  in  the  past.  While  we  do  not  know  all  the  con- 
ditions necessary,  it  is  evident  that  the  closest  and  most  intimate 
contact  is  essential  and  that  the  degree  of  contagiousness  is  very 
small  indeed.  Casual  contact  is  of  no  significance.  The  doctors, 
nurses,  and  Sisters  of  Charity  who  care  for  leprous  patients  are  very 
rarely  attacked.  Rosenau**  says  "there  is  no  more  danger  from  a 
leprosy  patient  with  clean  personal  habits,  who  exercises  care  con- 
cerning the  discharges  from  the  lesions,  than  there  is  from  an  open 
case  of  tuberculosis  of  the  glands  of  the  neck.''  The  latter  is  not 
looked  upon  with  fear,  and  neither  is  leprosy  in  those  countries 
where  it  is  more  prevalent  and  better  known;  but  the  fear  of  leprosy 
is  almost  universal  in  this  country,  and  is  a  matter  to  be  reckoned 
with  in  considering  the  transportation  of  leprous  patients,  for  people 
generally  are  thrown  into  a  panic  by  knowledge  of  the  simple  prox- 
imity of  such  persons.  This  attitude  probably  arises  from  conunon 
knowledge  of  the  cry  '*imclcan''  with  which  leprous  persons  were 
obliged  in  ancient  times  to  warn  the  pubUc  of  their  presence,  and  is 
fostered  by  sensational  newspaper  accounts  of  those  cases  that 
become  known.  Logic  plays  no  part  in  the  reaction,  which  is  founded 
on  ignorance  and  misconception.  But  if  the  fear  of  contracting 
leprosy  is  not  well  founded,  the  dread  of  having  it  certainly  is,  be- 
cause of  its  mutilating  and  usually  fatal  character. 

Fortunately  we  have  relatively  few  lepers  in  this  coimtry,  and  most 
of  those  are  under  restraint;  for  in  most  communities  recognized 
cases  are  not  tolerated  at  large.  There  is  therefore  little  chance 
for  lepers  to  travel  on  the  railways  except  under  the  direction  of  a 
public  health  offlcial.     Their  transportation  is  nevertheless  some- 
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times  necessary.  The  very  fact  that  the  number  of  cases  is  small 
enables  us  to  isolate  or  deport  all  cases  that  are  known,  and  thus  to 
guard  against  the  slow  spread  of  the  disease  that  might  take  place 
if  the  patients  were  left  at  large.  When  a  case  of  leprosy  is  dis- 
covered in  a  community'  it  should  be  removed  to  a  Government 
institution,  such  as  is  maintained  at  CarviUe,  La.,  for  perman^it 
isolation  and  care,  or,  if  the  patient  is  a  foreigner,  to  a  seaport  for 
deportation.  In  either  instance  long  railway  journeys  are  usually 
involved  in  their  transfer. 

Leprosy  was  the  first  disease  for  the  transportation  of  which  specific 
regulations  were  made.  The  Interstate  Quarantine  Regulations 
have  contained  rules  for  the  safe  transport  of  lepers  since  1912. 
Through  various  revisions  the  regulations  have  come  into  the  follow- 
ing form: 

Sec.  5.  Travel  of  lepers, — Common  carriers  shall  not  accept  for  transportation  or 
transport  in  interstate  traffic  any  person  known  by  them  to  be  afflicted  with  leproey, 
nor  fi^U  any  person  so  afflicted  accept  such  transportation  except  as  hereinafter 
provided. 

(a)  A  person  afflicted  with  leprosy  shall  be  permitted  to  accept  transportation  upon 
presentation  of  permits  from  the  Surgeon  General  of  the  United  States  Public  Health 
S3rvlce,  or  his  accredited  representative,  and  from  the  health  authorities  of  the  States, 
Territories,  or  District  of  Columbia  to  and  from  which  he  intends  to  travel,  stating 
that  such  person  may  be  received  under  such  restrictions,  which  shall  be  specified  in 
each  instance,  as  will  prevent  the  spread  of  the  disease,  provided  such  person  shall 
have  agreed  in  writing  to  comply,  and  does  so  comply,  with  the  restrictions  as  specified. 

(6)  Any  person  who  presents  symptoms  of  leprosy  and  who  is  traveling  or  who  haa 
left  the  State  where  he  resides  in  violation  of  the  above  regulations  shall  be  detained 
and,  if  proved  to  be  a  leper,  shall  be  returned  to  such  State  or  removed  to  such  Federal 
station  as  the  Secretary  of  the  Treasury  may  designate,  and  the  proper  health  authori- 
ties notified. 

The  Standard  Railway  Sanitary  Code  has  practically  the  same 
restrictions.  The  section  pertaining  to  the  transportation  of  leprosy 
reads  as  follows: 

Sec  8.  Leprosy. — ^Common  carriers  shall  not  accept  for  transportation  nor  transport 
in  any  railway  train,  car,  or  other  conveyance  any  person  known  by  them  to  be  afflicted 
with  leprosy,  unless  such  person  presents  permits  from  the  Surgeon  Greneral  oi  the 
United  States  Public  Health  Service  or  his  accredited  representative,  and  from  the  State 
department  of  health  of  the  States  from  which  and  to  which  he  is  traveling,  stating 
that  such  person  may  be  received  under  such  restrictions  as  will  prevent  the  spread 
of  the  disease,  and  said  restrictions  shall  be  specified  in  each  instance;  and  no  person 
knowing  or  suspecting  himself  to  be  afflicted  with  leprosy,  nor  any  person  acting  for 
him,  shall  apply  for,  procure,  or  accept  transportation  from  any  common  carrier  unless 
such  permits  have  been  received  and  are  presented,  and  unless  the  person  so  afflicted 
agrees  to  comply  and  does  so  comply  with  the  restrictions  ordered. 

By  both  of  these  regulations  the  transportation  of  cases  of  leprosy  is 
brought  under  the  direct  supervision  of  the  United  States  Public  Health 
Service  and  the  health  authorities  of  the  States  of  origin  and  destina- 
tion, which  jointly  make  rules  for  each  case  according  to  conditions. 
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The  specifications  invariably  provide  that  the  patients  shall  be  ac- 
companied by  a  representative  of  the  health  department  arranging 
for  the  transport,  that  they  shall  be  strictly  isolated  and  under  guard, 
shaD  have  their  own  eating  and  drinking  utensils,  that  all  discharges 
shall  be  disinfected  and  properly  disposed  of,  and  that  the  space 
they  occupy  shall  be  disinfected  after  the  patients  disembark. 
Such  patients  are  virtually  prisoners  of  the  State,  and  the  accompany- 
ing officer  is  responsible  for  their  safe  delivery  at  destination  as  well  as 
for  carrying  out  all  of  the  sanitary  arrangements  that  may  be  ordered 
for  the  individual  case. 

Isolation  during  the  transportation  of  lepers  may  be  carried  out 
in  the  private  room  or  compartment  of  any  car  with  perfect  safety, 
though  objection  is  often  raised  to  assigning  space  for  the  purpose. 
The  attendant  may,  as  he  sometimes  does,  occupy  the  room  with  the 
patient.  When  several  patients  can  be  taken  at  once,  the  better 
plan,  and  the  one  usually  followed,  is  to  engage  a  toiuist  car  or  coach 
to  run  as  a  private  car  for  the  purpose.  In  either  event,  as  the  matter 
is  actually  handled  in  practice  by  public  health  departments,  the 
public  is  not  exposed  to  any  danger. 

5.  VENEREAL  DISEASES. 

The  common  venereal  diseases  are  syphilis,  gonorrhea,  and  chan- 
croid. They  are  infectious  and  conununicable.  Their  causative 
organisms  and  modes  of  transfer  are  well  known;  they  are  therefore 
preventable.  By  appropriate  treatment  they  are  generally  curable; 
but  if  not  treated,  syphilis  and  gonorrhea  become  chronic  and  may 
be  indefinitely  prolonged. 

The  venereal  diseases  are  so  prevalent  as  to  constitute  one  of 
the  greatest  of  modem  plagues.  No  other  group  of  diseases  is  respon- 
sible for  so  much  suffering  and  continued  inefficiency.  Their  effects 
extend  from  the  individual  to  the  family,  the  community,  and  pos- 
terity. They  exert  a  considerable,  though  unknown,  effect  on  the 
general  death  rate. 

This  would  seem  to  be  a  combination  of  qualities  well  fitted  to 
the  health  officer's  hand:  prevalent,  and  disastrous  to  the  public 
health;  communicable,  with  the  paths  of  transfer  known;  prevent- 
able and  curable.  But  so  vast  is  the  social  evil  out  of  which  the  vene- 
real diseases  come,  so  deeply  is  this  problem  rooted  in  human  life, 
and  so  closely  is  it  interwoven  with  kindred  social  problems  yet 
unsolved,  that  the  difficulties  to  be  overcome  are  greater  than  in  any 
other  disease.  In  spite  of  the  large  public  health  problem  which 
these  diseases  bring  about,  no  serious  attempt  to  control  them  was 
made  until  very  recent  years.  And  no  progress  in  their  control  was 
made  until  a  few  health  officers  of  larger  vision  determined  to  ignore 
the  social  and  moral  aspects  of  the  case  and  treat  these  diseases  as 
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any  other  communicable  and  preventable  infection,  to  remove  the 
veil  of  secrecy  by  which  they  were  surrounded  and  to  make  them 
subject  to  report  and  quarantine. 

'  This  change  in  attitude  is  practically  limited  to  the  last  decade. 
Previous  to  that  time  the  venereal  diseases  were  looked  upon  as 
entirely  private  aflFairs,  as  just  punishments  for  sins  committed; 
they  were  not  reportable  to  public  health  authorities  or  subject  to 
control  in  any  way.  With  our  entrance  into  the  European  war,  in 
1917,  the  necessity  of  protecting  the  military  forces  against  in- 
fection brought  this  whole  question  into  prominence  and  gave  great 
impetus  to  the  matter  of  control.  On  the  simple  basis  of  public 
health  protection,  ignoring  the  social  and  moral  questions  involved, 
laws  and  regulations  were  enacted  making  the  venereal  diseases 
conditionally  reportable  and  subject  to  quarantine  in  practically  all 
of  the  States.  At  the  same  time  an  extensive  educational  campaign 
was  inaugurated  and  has  smce  been  carried  on. 

It  has  not  yet  been  determined  what  good  has  been  accomplished 
by  these  regulatory  measures,  the  administrative  details  of  which 
are  still  in  the  experimental  stage.  Reporting  is  very  imperfectly 
carried  out,  and  the  great  majority  of  the  victims  of  venereal  disease 
still  hold  their  afflictions  secret  and  personal.  But  the  effort  to  ed- 
ucate the  people  concerning  the  nature  and  significance  of  the  vene- 
real diseases,  the  suppression  of  persistent  offenders  against  the 
sanitary  laws,  and  the  opening  of  many  dispensaries  for  the  free 
treatment  of  patients  can  not  have  been  quite  useless.  Many  thous- 
ands of  cases  have  been  treated  in  the  free  clinics  established  by  the 
States,  and  a  large  proportion  of  them  have  been  cured  completely 
or  rendered  noninfectious,  which  would  have  remained  infectious 
under  the  inadequate  care  so  often  provided  by  personal  initiative. 
Each  case  so  remedied  removes  one  source  from  which  the  diseases 
are  spread.  Such  treatment  is  one  of  the  most  importent  elements 
of  venereal  disease  control. 

In  drawing  up  the  Standard  Railway  Sanitary  Code  the  question 
of  including  regulations  for  the  travel  of  venereally  infected  persons 
was  thoroughly  considered,  and  it  was  decided  to  leave  them  out. 
That  anything  useful  can  be  accomplished  imder  present  conditions 
by  such  regulations  seems  to  be  almost  hopeless.  In  spite  of  all 
laws  to  the  contrary,  the  venereal  diseases  are  usually  held  in  secret 
and  will  not  be  declared.  The  victim  is  rarely  obviously  sick,  and 
not  often  discoverable;  and  the  number  of  cases  is  legion.  The 
danger  of  such  i>ersons  to  fellow  travelers  is  insignificant;  for  the 
causative  organisms  are  among  the  most  vulnerable  of  bacteria, 
soon  losing  their  virulence  outside  of  the  body,  and  communication 
of  the  diseases  is  rare  by  any  other  means  than  by  direct  and  inti- 
mate personal  contact. 
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But  indirect  transfer  by  articles  freshly  soiled  with  discharges  is 
possible  and  does  occasionally  take  place.  We  sometimes  see  epi- 
demics of  gonorrhea  among  little  girls  in  hospitals  for  children, 
from  the  soiled  hands  of  nurses  or  from  the  common  use  of  uncleaned 
bathing  utensils  and  cloths.  Among  adults,  only  the  grossest  neglect 
and  carelessness  will  lead  to  indirect  infection.  Syphilis  is  more 
dangerous  in  this  regard,  because  of  the  multiplicity  of  its  lesions 
and  their  tendency  to  appear  outside  of  the  genital  sphere.  The 
frequency  of  syphilitic  sores  in  the  mouth  is  the  most  potent  argu- 
ment against  the  common  drinking  cup  and  common  towel,  both  of 
which  now  fortunately  belong  to  the  past.  The  only  thing  in  common 
ose  in  cars  which  is  liable  to  contamination  with  venereal  discharges 
is  the  toilet  seat.  It  should  be  of  such  form  as  to  render  genital 
contact  easily  avoidable;  but  whatever  its  form,  common  decency 
should  impel  everyone  to  avoid  genital  contact  with  the  seat  of  a 
public  toilet,  and  if  that  is  done  the  danger  of  infection  practically 
disappears.  The  actual  sins  of  the  public  toilet  may  be  great  enough 
at  the  best,  but  the  transmission  of  venereal  diseases  by  them  is 
probably  very  rare. 

There  are  no  laws  or  regulations  which  forbid  venereally  infected 
persons  to  use  the  ordinary  means  of  travel,  though  the  Interstate 
Quarantine  Regulations  provide  for  certain  restrictions  the  principal 
object  of  which  is  the  securing  of  continued  treatment.  In  November, 
1918,  a  section  was  added  to  the  regulations  requiring  that  persons 
afflicted  with  venereal  diseases  who  wish  to  travel  shall  obtain  a 
pennit  from  the  local  health  oflBicer  of  the  jurisdiction  in  which  he 
resides,  that  the  local  health  officer  at  destination  shall  be  imme- 
diately notified,  and  that  the  patient  shall  report  to  the  latter  within 
one  week  after  arrival.  In  the  recent  draft  of  the  regulations  the 
section  reads  as  follows : 

Sbc.  8.  Travel  of  venereally  infected  persons. — (a)  Any  peraon  infected  with  syphilis, 
pfDonhea^  or  chancroid  who  wishes  to  engage  in  interstate  travel  must  first  obtain 
a  pennit,  in  writing,  from  the  local  health  officer  under  whose  jurisdiction  he  resides. 
This  permit  shall  state  that,  in  the  opinion  of  the  health  officer,  such  travel  is  not 
dtngorons  to  the  pabHc  health. 

(6)  Any  pemn  infected  with  sjrphilia,  gonorrhea,  or  chancroid  who  wishes  to 
change  his  residence  from  one  State  to  another  must  first  obtain  his  release,  in  writing, 
b^om  the  local  health  officer.  He  shall  inform  the  local  health  officer  as  to  the  place 
where  he  intends  to  reside  and  shall  agree,  in  writing,  to  report  in  person  to  the  proper 
l^th  officer  within  one  week  after  arrival  at  his  new  residence.  It  shall  be  the  duty 
of  the  health  officer  who  issues  the  release  to  promptly  notify  the  health  officer  under 
▼hose  jurisdiction  the  infected  person  is  to  enter,  of  its  issue.  This  release  shall  con- 
tain the  name  and  address  of  the  infected  person.  The  receiving  health  officer  shall, 
in  turn,  report  the  arrival  of  the  infected  person  to  the  health  officer  who  issued  his 
release  and  notify  the  State  health  officer  of  his  State  that  a  person  infected  with 
venereal  diaeaae  has  entered  his  jurisdiction. 

(e)  Any  peraon  infected  with  syphilis,  gonorrhea,  or  chancroid,  who  wishes  to 
engage  in  intpfrstate  travel  or  change  his  residence  shall  agree  to  continue  treatment 


48  comm:unigabi4E  dissasbs  and  travel. 

under  the  direction  of  a  reputable  physician,  until  the  health  officer,  or  hlB  accredited 
representative,  shall  have  complied  with  the  State  board  of  health  requirements 
for  release  of  venereally  infected  persons. 

Suggested  forms  for  permits  and  for  the  various  notifications  are 
appended  to  the  regulations.  Some  of  the  States  have  similar  require- 
ments. There  has  been  no  considerable  call  for  the  notification 
forms,  the  use  of  which  must  be  practically  limited  to  those  cases 
being  treated  in  the  free  clinics  of  the  States,  but  there  have  been 
numerous  instances  of  quarantine  and  detention  of  persons  who  have 
ignored  the  regulations  and  have  refused  to  act  in  accordance  witli 
the  instructions  of  public  health  officials  in  the  continuance  of  treat- 
ment. But  whether  strictly  complied  with  or  not,  such  regulations 
can  not  by  any  means  do  harm,  and  if  accompanied  by  an  intelligent 
and  persistent  campaign  along  the  lines  of  sanitation  and  hygiene 
they  may  ultimately  do  much  good.  If  to  any  extent  whatever 
they  induce  the  continuance  of  treatment,  they  are  to  that  extent 
useful,  and  there  is  sufficient  evidence  that  they  have  done  so  in 
many  instances.  At  any  rate,  the  educational  campaign  now  being 
carried  on  throughout  a  large  part  of  the  world  should  go  on  and  be 
increased,  in  the  hope  that  it  may  eventually  result  in  the  successful, 
if  long  delayed,  control  of  the  venereal  diseases. 

«.  MISCELLANEOUS  DISEASES. 

There  have  been  considered  in  the  foregoing  groups  all  those  infec- 
tious diseases  which  by  reason  of  their  frequency,  their  general  dis- 
tribution, or  their  danger  of  commimication  imder  the  circumstances 
of  travel  are  likely  to  give  rise  to  passenger  traffic  problems.  Other 
conamunicable  diseases  are  rarely  dealt  with  specifically  by  the  laws 
or  regulations  concerning  railway  travel  of  the  States,  though  many 
States  have  more  or  less  drastic  general  restrictions  covering  all  infec- 
tious diseases.*'  A  few  other  specific  diseases  have,  however,  been 
included  in  certain  official  restrictions  and  deserve  a  word  of 
comment. 

The  Interstate  Quarantine  Regulations  include  Rocky  Moxmtain 
spotted  fever  and  anthrax  in  the  group  to  be  controlled  as  are  the 
sputum-borne  diseases;  that  is,  cases  must  be  isolated  in  a  separate 
compartment,  be  in  charge  of  a  skilled  attendant,  and  the  sputum 
and  nasal  discharges  must  be  disinfected  or  destroyed.  There  will 
rarely  be  occasion  for  railway  travel  by  cases  of  either  of  these  dis- 
eases. The  first  is  restricted  to  a  relatively  small  area  of  the  region 
that  gives  it  its  name,  the  cases  are  usually  found  among  ranchmen 
or  other  rural  inhabitants,  are  acute,  of  relatively  short  duration,  and 
often  fatal.  Of  anthrax  we  have  very  few  caaes  anywhere,  and  those 
few  are  mostly  among  the  industrial  population  of  the  cities  and  in 
easy  reach  of  hospital  care. 

«•  See  page  10. 
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If  cases  of  either  of  these  diseases  are  transported,  they  should  be 
isolated  and  personally  attended,  but  the  other  restrictions  appUed 
by  the  Interstate  Quarantine  Regulations  are  hardly  appUcable,  for 
the  sputum  is  not  the  source  of  infection  or  the  means  by  which  the 
"diseases  are  carried.  Rocky  Mountain  spotted  fever  is  an  insect- 
borne  disease.  It  is  not  transmitted  by  contact,  and  is  therefore  not 
<5ontagious  in  the  ordinary  sense,  and  there  are  no  infectious  body 
wastes  or  discharges.  The  infection  resides  in  the  blood,  and  the  dis- 
ease is  transmitted  by  the  bite  of  a  tick,  just  as  plague  is  borne  by 
the  flea  or  yellow  fever  and  malaria  by  mosquitoes.  Regulations 
which  do  not  recognize  this  fact  will  not  be  effective.  Patients 
should  be  made  tick-free;  they  will  then  be  safe  passengers,  but  other- 
wise they  will  not;  and  unless  ticks  are  removed  in  a  most  painstaking 
manner,  such  patients  should  not  be  transported. 

Anthrax,  on  the  other  hand,  as  w^e  see  it  in  human  beings,  is  a  dis- 
ease in  which  the  surface  of  the  body  is  commonly  the  seat  of  open 
sores,  the  discharges  from  which  contain  the  infecting  organism. 
The  infection  gains  entrance  as  a  rule  through  cuts  or  abrasions  of 
the  skin  or  mucous  membranes,  causing  first  a  local  and  then  a  gen- 
eral disease.  Safeguarding  measures  should  be  directed  to  collecting 
and  destroying  the  surface  discharges  rather  than  the  sputum,  though 
the  latter  may  also  be  infectious  if  there  are  lesions  of  the  mucous 
membranes  and  may  need  to  be  included.  The  anthrax  bacillus  is 
one  of  the  most  highly  resistant  of  all  known  pathogenic  organisms. 
It  may  live  for  a  long  time  outside  the  body  and  is  not  readily  de- 
stroyed by  drying,  heat,  light,  or  chemical  agents  which  readily  destroy 
other  disease-producing  germs.  If  furnishings  are  contaminated  by 
anthrax  discharges  they  may  remain  infected  indefinitely.  The  trans- 
porting of  anthrax  cases  in  railway  passenger  cars  is  therefore  a 
doubtful  practice  under  any  circumstances,  and  if  any  r^ulations 
concerning  it  are  deemed  necessary  they  would  probably  best  be 
simple  prohibitive  ones,  as  they  are  now  in  a  few  of  the  States.*^ 

Glanders  is  also  a  rare  disease  which  occasionally  comes  imder  the 
official  ban  to  travel.*^  The  prohibition  is  right,  for  the  disease  in 
man  is  highly  infectious,  is  readily  transmitted  by  contact,  and  is 
almost  invariably  fatal.  But  there  are  so  few  cases  that  the  question 
of  transportation  almost  never  arises. 

The  regulations  of  Delaware  include  erysipelas  and  puerperal  fever 
in  the  diseases  forbidden  to  travel.  These  infections  with  the  pus- 
producing  organisms,  while  serious  in  themselves  and  dangerous 
enough  to  people  with  open  wounds  who  may  find  themselves  adja- 
cent, as  in  surgical  or  maternity  wards,  are  not  likely  to  be  dangerous  to 
other  travelers  under  the  ui^al  conditions  of  travel  if  reasonable  pre- 
cautions are  taken,  and  there  does  not  seem  to  be  suflBcient  reason  whv 

*f  Debware,  New  Jersey.    May  be  carried  in  Delaware  with  the  permissioQ  of  the  State  Voard  of  health. 
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they  should  not  be  transported  where  there  is  need  of  it.  They  should 
be  isolated  and  personally  attended,  and  discharges  from  their  lesions 
^onld  be  disinfected  or  destroyed. 

Why  malaria,  trichinosis,  hydrophobia,  "tuberculosis  in  any  of 
its  manifestations,"  or  trachoma  should  be  forbidden  to  enter  the 
cars  of  common  carriers,  as  they  are  in  the  State  of  New  Jersey,  is 
difficult  to  see.  If  malaria  were  a  rare  disease  there  might  be  reason 
to  restrain  its  subjects;  but  where  the  disease  exists  at  all  it  is  tre* 
quently  the  case  that  a  large  proportion  of  the  population  is  in- 
fected, and  for  all  but  the  relatively  brief  period  of  the  paroxysm 
of  fever  most  of  the  cases  go  on  about  their  affairs,  so  that  restraint 
is  not  feasible.  Nor  is  it  necessary.  Contact  with  the  patient 
himself  is  without  danger.  The  disease  can  be  contracted  only  from 
the  bite  of  the  anopheles  mosquito,  at  an  interval  of  some  days 
after  it  has  become  infected  by  biting  a  malaria  patient.  Where 
mosquitoes  are  allowed  to  breed  freely,  malaria  is  likely  to  be  preva- 
lent, and  their  elimination  is  the  only  preventive  measure  that  has 
ever  been  found  to  be  of  any  considerable  value.  There  is  of  course 
good  reason  why  malarious  patients  should  not  migrate  into  regions 
where  the  anopheles  abound  but  where  there  is  no  malaria,  for  from 
such  patients  the  disease  may  gain  a  foothold.  But  this  has  nothing 
to  do  with  the  danger  of  their  riding  in  cars. 

Hydrophobia  and  trichinosis  can  not  possibly  be  dangerous  to 
other  travelers.  Neither  disease  is  transmitted  directly  from  one 
person  to  another. 

In  the  case  of  trachoma,  an  infectious  disease  of  the  eyes,  there 
would  be  reason  for  excessive  caution  if  the  common  towel  were 
still  in  use;  but  with  the  abolition  of  that,  the  danger  practically 
disappears  under  the  ordinary  conditions  of  travel.  Eye  to  eye 
transfer  of  the  virus,  directly  or  through  some  indirect  agency,  is 
required  for  the  infection  to  take  place;  and  the  common  towel  is 
practically  the  only  means  of  bringing  this  about,  at  least  on  board 
a  train.  But  aside  from  the  danger  that  might  arise,  the  trachoma- 
tous patient  is  neither  sick  nor  ordinarly  discoverable,  and  he  will 
rarely  be  amenable  to  regulatory  measures. 

For  those  who  are  sick  of  the  noncommunicable  diseases  the 
necessities  in  travel  are  only  those  which  will  give  to  them  a  reason- 
able degree  of  comfort  and  will  not  too  greatly  interfere  mth  the 
comfort  of  other  travelers.  If  the  illness  is  so  severe  as  to  be  entirely 
disabling,  the  patient  should  have  a  compartment  to  himself  and  be 
accompanied  by  an  attendant,  for  there  is  no  one  in  charge  of  regular 
railway  travel  who  is  either  skilled  enough,  interested  enough,  or 
has  time  enou^  to  attend  to  more  than  the  simplest  of  sick  people's 
wants.  The  noninfectious  sick  who  are  able  to  care  for  themselves 
should  be  allowed  to  travel  as  healthy  people  do. 
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CASES  MSCOVERED  £N  ROUTE. 

The  suspicion  or  discovery  of  a  case  of  one  of  the  dangerous  com- 
municable diseases  among  railway  passengers  always  gives  rise  to 
an  uncomfortable  situation  for  those  in  charge  of  the  operation  of 
trains,  because  of  the  possibility  that  train  movement  may  be  inter- 
fered with.  One  object  to  be  attained  m  the  handling  of  such  cases 
is  to  Umit  interference  with  traffic  and  with  the  comfort  and  con- 
venience of  other  passengers  to  the  minimum  consistent  with  the 
safety  of  the  public  health.  The  first  essential  is  for  the  person  in 
charge  to  get  competent  medical  advice,  so  that  he  may  know  what 
his  problem  is.  The  railways  generally  have  extensive  medical  organ- 
izations, and  some  member  of  the  staff  can  usually  be  reached  by  wire 
without  unreasonable  delay.  If  there  is  space  available  in  which 
isolation  of  the  suspect  can  be  carried  out  quietly,  this  should  be 
done  while  medical  aid  is  being  awaited;  but  if  much  commotion 
is  necessary  things  may  be  best  let  alone  until  final  action  can  be 
taken. 

The  final  disposition  of  such  cases  will  always  lie  with  the  public 
health  officials,  and  the  most  direct  means  possible  of  calUng  them 
into  consulation  should  be  utilized.  The  railroad  surgeon  may  make 
the  diagnosis,  may  institute  isolation  and  provide  for  temporary  care, 
but  in  all  States  and  all  commimities  the  communicable  diseases  are 
subject  to  quarantine  regulations  which  must  be  carried  out  imder 
the  supervision  of  a  health  officer.  A  reasonable  attempt  at  provid- 
ing proper  care  for  an  afflicted  person  is  all  that  is  demanded  up 
to  the  time  such  as  officer  becomes  available,  but  after  that  time  his 
judgment  must  be  followed  and  the  case  disposed  of  according  to 
his  orders. 

Many  of  the  States  have  provisions  in  their  quarantine  laws  spe- 
cifically relating  to  cases  of  infectious  diseases  discovered  on  railway 
trams  in  transit.  The  State  board  of  health  is  usually  given  very 
broad  powers  in  dealing  with  such  cases.  A  common  provision  of 
the  laws  is  to  the  effect  that  the  car  occupied  by  such  a  passenger 
may  be  detained  on  any  siding,  held  in  isolation,  fumigated,  dis- 
infected, or  otherwise  disposed  of  under  such  rules  as  the  board  of 
health  deems  necessary  xmder  the  circumstances.  In  some  States 
the  railway  conductor  who  discovers  or  suspects  that  he  is  carrying 
an  infectious  passenger  is  required  to  notify  by  telegraph  or  telephone 
the  nearest  public-health  officer  and  to  take  orders  from  him  con- 
cerning the  disposition  of  both  the  passenger  and  the  car.  In  one 
State*'  the  carrier  is  required  to  return  the  patient  to  the  point  of  his 
departure,  though  no  rules  or  regulations  are  provided  governing  the 
manner  in  which  the  return  transportation  is  to  be  carried  out  so  as  to 
protect  the  public. 
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The  Standard  Railway  Sanitary  Code  and  the  Interstate  Quaran- 
tine Regulations  contain  provision^  giving  definite  instructions  as 
to  the  method  of  procedure  by  the  railway  personnel  when  communi- 
cable diseases  are  discovered  or  suspected  among  railway  travelers. 
The  sections  of  the  standard  code  dealing  with  the  subject  read  as 
follows: 

Sbc.  6.  Suspected  oases. — If  a  conductor  or  other  person  in  chaige  of  a  railway 
train,  car,  or  other  conveyance,  or  an  agent  or  other  person  in  chazige  of  a  railway 
station,  shaU  have  any  reason  to  suspect  that  a  passenger  or  a  person  contemplating 
passage  is  afflicted  with  any  of  the  diseases  enumerated  in  sections  1,  3,  and  4,  he 
shaU  notify  the  nearest  health  officer,  or  company  physician  if  the  health  officer  i» 
not  available,  by  the  quickest  and  most  practicable  means  possible,  of  his  suspicion; 
and  said  health  officer  or  physician  shall  immediately  proceed  to  the  train,  car»  or 
other  convejrance  at  the  nearest  possible  point,  or  to  the  railway  station,  to  determine 
whether  such  disease  exists. 

Sbc.  7.  Disposition, — If  the  health  officer  or  physician,  as  provided  for  in  sectioo 
6,  shall  find  any  such  person  to  be  afflicted  with  any  of  the  diseases  enum^^ted  in 
sections  1,  3,  and  4,  he  shall  remove  such  person  from  the  station  or  conveyance,  or 
shall  isolate  him  and  arrange  for  his  removal  at  the  nearest  convenient  point;  shall 
treat  the  car  or  other  conveyance  as  infected  premises,  allowing  it  to  proceed  to  a  con- 
^venient  place  for  proper  treatment  if  in  his  judgment  consistent  with  the  public  wel- 
&re,  in  such  case  notif3dng  the  health  officer  in  whose  jiuisdiction  the  place  is  located ; 
and  shaU  take  such  other  measures  as  will  protect  the  public  health:  Provided^  That 
if  not  prohibited  in  sections  1  and  2  of  these  regulations  tHe  afflicted  person  so  found 
may  be  aUowed  to  continue  his  travel  if  arrangements  are  made  to  comply,  and  he 
does  so  comply,  with  the  requirements  of  the  section  of  these  regulations  pertaining 
to  the  disease  with  which  he  is  afflicted. 

The  above-quoted  regulations  apply  locally  in  the  20  States  that 
have  officially  adopted  the  Standard  Railway  Sanitary  Code,  namel3'r 
Alabama^  Florida,  Georgia,  Illinois,  Kansas,  Kentucky,  Louisiana, 
Maine,  Maryland,  Michigan,  Minnesota,  Mississippi,  New  Hampshire, 
North  Dakota,  South  Carolina,  Tennessee,  Virginia,  West  Virginia, 
Washington,  and  Wisconsin.  In  States  where  there  are  no  specific 
regulations,  those  quoted  furnish  a  safe  guide  to  proper  practice  and 
may  be  followed  with  assurance  that  all  reasonable  requirements  are 
being  met. 

The  Interstate  Quarantine  Regulations,  applying  to  all  interstate 
traffic,  are  practically  to  the  same  effect  as  the  Standard  Railway 
Sanitary  Code,  though  cast  in  a  somewhat  different  form.  While 
it  is  not  stated,  as  it  is  in  the  Standard  Code,  that  the  patient  maj 
be  allowed  to  proceed  if  he  is  able  to  comply  with  the  regulations 
applying  to  his  particular  disease,  this  must  be  understood;  other- 
wise the  regulations  concerning  the  transportation  of  particidar 
diseases  would  have  no  meaning.  Since  both  codes  agree  in  all 
essential  requirements  pertaining  to  the  transportation  of  the  various 
diseases,  the  handling  of  the  matter  of  continuance  of  the  journey 
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will  be  the  same  whether  the  journey  is  intrastate  or  interstate. 
The  Interstate  Quarantine  Regulations  read  as  follows: 

Sbc.  9.  8ich  pOMsengers  en  rotUe. — In  the  event  of  the  appearance  of  any  disease 
mentioned  in  section  1,  with  the  exception  of  tuberculosis  and  venereal  diseases,  in 
any  person  aboard  any  car,  vessel,  vehicle,  or  conveyance  operating  in  interstate 
traffic,  the  common  carrier  shall  at  once  isolate  the  sick  person  and  remove  him  from 
the  car,  vessel,  vehicle,  or  conveyance  at  the  first  convenient  place  at  which  reasonable 
provision  may  be  had  for  the  protection  of  the  patient  and  the  public  health,  and  shall 
immediately  notify  the  Surgeon  General  of  the  United  States  Public  Health  Service 
and  the  State  and  local  health  officer  of  the  place  at  which  the  person  was  removed 
from  such  car,  vessel,  vehicle,  or  conveyance. 

(a)  In  accordance  with  the  foregoing  paragraph,  a  yellow-fever  case  occurring  en 
route  shall  be  isolated  in  a  compartment  so  screened  as  to  prevent  the  entrance  or 
exit  of  mosquitoes,  or  their  access  to  the  patient;  and  the  patient  shall  not  be  dis- 
embarked in  infectible  territory  unless  thoroughly  protected  from  mosquitoes,  and 
unless  permission  for  such  disembarkation  has  been  obtained  from  the  State  and  local 
health  officials  having  jurisdiction  over  the  place  of  disembarkation. 

CONVEYANCES  VACATED  BY  INFECTED  PERSONS. 

The  after  care  of  premises  yacated  by  cases  of  the  communicable 
diseases  has  varied  from  time  to  time  according  to  the  prevailing 
belief  as  to  the  manner  in  which  infections  are  commonly  transmitted. 
It  is  not  even  now  on  an  entirely  satisfactory  basis  for  all  diseases, 
but  as  accurate  knowledge  of  the  modes  of  transmission  of  particular 
diseases  has  been  acquired  the  details  of  preventing  their  spread 
have  become  more  logical  and  more  effective  and  tlie  indications 
for  the  after  care  of  quarters  have  become  clearer.  When  we  learned 
to  a  eertainity  that  malaria  and  yellow  fever  are  transmitted  only 
by  mosquitoes,  it  ceased  to  be  necessary  to  expend  efforts  on  sterilizing 
nigs  and  furniture;  when  it  became  apparent  that  most  pathogenic 
bacteria  have  only  a  very  short  life  outside  of  the  body  and  that 
direct  or  indirect  personal  contact  is  the  common  means  of  trans- 
mitting the  common  infectious  diseases,  the  after  care  of  vacated 
quarters  began  to  give  way  to  destruction  of  dangerous  discharges 
and  excreta  during  the  course  of  the  illness. 

Scarcely  more  than  a  decade  ago  terminal  disinfection  by  means 
of  fumigation  was  the  rule  after  all  infectious  diseases;  to  neglect  it 
was  to  indulge  in  criminal  carelessness.  When  Chapin*"  first  seriously 
questioned  the  usefulness  of  terminal  fumigation,  in  an  address  be- 
fore the  American  Medical  Association  in  1905,  he  aroused  a  storm 
of  protest;  but  since  that  time  the  trend  of  thought  has  been  grad- 
ually toward  the  acceptance  of  his  view,  until  now  there  are  few 
sanitarians  who  place  any  considerable  value  on  terminal  disinfection 
as  a  disease-preventing  measure.  Faith  is  pinned  to  rigid  cleanliness 
during  the  course  of  the  disease  and  to  the  immediate  disinfection 
of  discharges  as  they  occur.     Fumigation  of  vacated  quarters  has 

'Ottfrfn,  The  Fetish  of  Disinfection,  J.  A.  M.  A.,  1006,  xlvii,  574. 
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ceased  to  be  a  standard  procedure  in  many  of  the  larger  cities  and  in 
some  of  the  States,  terminal  cleansing  taking  its  place;  in  some  it  has 
become  entirely  obsolete;  and  it  has  been  found  that  subsequent 
cases  do  not  occiu*  more  frequently  in  houses  where  fumigation  is 
omitted  than  in  those  where  it  is  carried  out.  The  room  itself  is  a 
very  slight  source  of  infection.  This  fact  is  so  well  established  that 
the  American  Public  Health  Association**  has  gone  on  record 
against  the  necessity  of  terminal  disinfection,  other  than  that  in- 
volved in  thorough  mechanical  cleansing,  after  all  the  communicable 
diseases  except  cholera,  plague,  and  smallpox. 

These  new  interpretations  apply  of  course  to  the  care  of  railway 
cars  that  have  carried  infectious  diseases.  The  first  hygienic  neces- 
sity is  for  rigid  cleanliness  and  the  disinfection  of  discharges  while 
the  patient  is  in  transit,  as  has  been  provided  for  in  r^ulations 
already  discussed;  the  second  is  for  thorough  mechanical  cleaning 
when  the  car  is  vacated  and  has  reached  its  terminal.  For  the  com- 
mon infectious  diseases  no  more  is  required  to  overcome  the  dangers 
of  transmission,  and  no  more  is  generally  demanded  by  the  rules  of 
boards  of  health.  But  there  are  still  many  boards  of  both  cities  and 
States  that  require  terminal  disinfection  after  most  of  the  conununi- 
cable  diseases,  and  practically  all  of  them  require  it  after  smallpox 
and  a  few  others.  There  has  been  included,  therefore,  in  both  the 
Standard  Railway  Sanitary  Code  and  the  Interstate  Quarantine 
Regulations,  which  are  practically  identical  on  this  point,  a  require- 
ment for  terminal  disinfection  after  all  the  communicable  diseases 
for  which  travel  regulations  are  made  except  the  venereal  diseases 
and  tuberculosis.  The  Interstate  Quarantine  Regulations  read  as 
follows : 

Sbc.  10.  Conveyances  vacated  by  infected  penons. — Immediately  after  vacation  by  a 
person  having  any  of  the  diseases  mentioned  in  section  1,  with  the  exception  of  pul- 
monary tuberculosis  and  venereal  diseases,  any  berth,  compartment,  or  stateroom 
should  be  closed  and  not  again  occupied  until  properly  cleaned  and  disinfected,  and 
all  bedding,  blankets,  and  linen  in  any  such  space  should  be  laundered  or  other- 
wise thoroughly  cleaned  and  disinfected*  before  being  again  used. 

(a)  In  regard  to  a  yellow-fever  case,  the  compartment  vacated  by  the  patient  shall 
be  fumigated  immediately  upon  disembarkation  of  patient  in  sudi  manner  as  to  in- 
sure the  complete  destruction  of  all  mosquitoes  contained  therein. 

It  is  not  necessary  to  go  into  the  details  of  mechanical  cleaning  here . 
Soap  and  water  and  physical  work  are  its  elements,  sunlight  and  air 
its  accessories;  and  the  qualifying  adjective,  thorough,  should  be 
always  kept  in  mind.  It  is  a  common  practice  of  the  railroads  to  add 
one  of  the  many  coal-tar  disinfectants  to  the  wash  water  in  car  clean- 
ing. In  1  or  2  per  cent  solution  they  have  a  considerable  bactericidal 
efficiency,  and  may  be  considered  as  adding  effectiveness  to  the 

M  Report  of  the  Committee  on  Standard  Methods  for  the  Control  of  Commimicable  Diseases,  U.  S. 
Public  Health  Reports,  October  12,  1917.    Reprint  No.  436. 
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renoyatiiig  process.  But  this  can  not  be  considered  as  fulfilling  the 
conditions  of  the  regulation.  There  are  some  parts  of  the  car,  or 
some  things  in  it,  that  can  not  very  well  be  washed — ^window  shades, 
carpets,  the  coverings  of  seats,  and  the  mattresses  and  pillows  of 
sleeping  cars — and  some  other  process  must  be  employed.  The  com- 
mon way  of  carrying  out  general  disinfection  is  by  means  of  fumi- 
gation with  formaldehyde  gas.  That  is  what  is  contemplated  by  the 
regulation.     It  should  be  so  imderstood. 

In  the  treatment  of  all  spaces  where  communicable  disease  patients 
have  been,  the  value  of  sunlight  as  a  bactericidal  agent  should 
always  be  kept  in  mind.  Cars  are  fortimately  rooms  of  many 
windows,  and  may  often  be  flooded  with  sunlight  while  cleaning  is 
going  on.  Advantage  should  be  taken  of  this  fact.  Whenever 
possible  y  all  movable  things  in  the  compartment  should  be  taken 
oot  of  the  car  where  they  may  be  better  exposed.  Upholstered 
seats,  mattresses,  pillows,  and  hangings  should  be  placed  in  the  sim 
for  several  hours,  and  should  be  tiu-ned  over  from  time  to  time  so 
that  an  sides  may  be  equally  affected. 

Washable  materials,  such  as  blankets  and  the  outer  ticks  of  piUows 
(all  sleeping-car  pillows  are  supphed  with  double  ticks),  should  be 
sent  to  the  laundry  for  washing,  where  they  will  be  rendered  essen- 
tially sterile.  All  linen  will  be  similarly  treated  as  a  matter  of  course, 
since  there  is  no  such  thing  as  its  repeated  use  in  car  service  in  this 
country. 

It  is  not  contemplated  that  the  insect-borne  diseases,  plague, 
yellow  fever,  and  typhus  fever,  will  have  occupied  railway  cars;  they 
are  not  accepted  for  transportation  under  any  circumstances.  It 
has  occasionally  happened,  however,  that  one  of  these  diseases  has 
developed  in  a  passenger  en  route.  The  occurrence  of  such  cases  is 
80  exceedingly  rare  that  general  rules  can  scarcely  be  made  to  cover 
thA  situation,  which  must  be  dealt  with  according  to  local  conditions. 
Attention  will,  of  course,  be  directed  to  destroying  the  insects  con- 
cerned, if  these  by  any  chance  have  accompanied  the  patient.  For- 
maldehyde gas  will  not  kill  them.  Sulphur  will  do  it,  if  burned  in 
saffident  quantity,  but  it  has  the  disadvantage  of  being  destructive 
to  the  color  of  fabrics  and  corrosive  to  metals.  Thorough  spraying 
with  an  insecticide  solution,  of  which  the  market  affords  a  great 
Qomber,  will  be  effective  if  properly  done.  Without  doubt  the  best 
insecticide  is  hydrocyanic  acid  gas,  but  it  is  so  exceedingly  poisonous 
to  himian  beings  that  it  can  be  used  only  imder  the  direct  supervi- 
sion of  experts;  and  even  then  fatal  accidents  may  occur.  In  any 
of  these  cases  the  local  board  of  health  will,  however,  usually  take 
chaige;  and  anythiiig  they  order  must  be  done,  even  to  the  destruc- 
tion by  fire  of  bedding  and  furnishings,  as  has  sometimes  been 
demanded.  If  the  expense  is  considerable,  it  is  so  seldom  incurred 
S3  to  be  of  Uttle  consequence. 
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INTERSTATE  QUARANTINE  REGULATIONS. 

The  Interstate  Quarantine  Regulationa  of  the  United  States  are  promulgated  h\\ 
the  Secretary  of  the  Treasury  on  the  advice  of  the  United  States  Public  Health  Serviw 
under  powers  conferred  by  an  act  of  Congress  approved  February  15, 1893.  They  hav^ 
the  force  of  law  and  penalties  may  be  imposed  for  noncompliance.  They  apply  ti 
all  traffic  passing  from  one  State  into  another. 

The  Interstate  Quarantine  Regulations  now  in  force  are  the  product  of  gndiu^ 
growth  by  addition  and  revision  through  a  long  period  of  years.  They  consist  of  31 
sections,  divided  as  follows:  (I)  Transportation  of  persons  or  things  infected  wid 
communicable  diseases;  sections  1  to  18.  (II)  Water  supplies;  sections  19  and  2fi 
(III)  Sanitation  of  cars  and  vessels;  sections  21  to  29.  (lY)  Sanitation  of  stations  an^ 
camps;  sections  30  and  31. 

Only  the  first  10  sections  of  the  regulations  apply  to  the  transportation  of  penonj 
infected  with  communicable  diseases.  They  are  as  follow: 

Sec.  1.  Quaraatinable  diseases. — For  the  purpose  of  interstate  quarantine  the  fo( 
lowing  diseases  shall  be  regarded  as  contagious  and  infectious  diseases  within  th 
meaning  of  section  3  of  the  act  approved  February  15, 1893:  Plague,  cholera,  smallpox 
typhus  fever,  yellow  fever,  typhoid  fever,  paratyphoid,  dysentery,  pulmonary  tube* 
culosis,  leprosy,  scarlet  fever,  diphtheria,  measles,  whooping  cough,  epidemic  cerebri^ 
spinal  meningitis,  anterior  poliomyelitis.  Rocky  Mountain  spotted  or  tick  fevc^ 
syphilis,  gonorrhea,  chancroid,  anthrax,  influenza,  pneimionia,  epidemic  encephalilifi 
septic  sore  throat,  rubella,  and  chicken  pox. 

Sec  2.  Quarantinable  persons  or  things. — Any  person  or  thing,  either  living  or  dead 
which  has  been  unduly  exposed  to  or  in  intimate  contact  with  or  is  infected  wit] 
any  of  the  diseases  enumerated  in  section  1,  except  as  otherwise  provided  in  theel 
r^ulations,  shall  be  regarded  as  contagious  or  infectious  until  the  contrary  has  bee! 
proved,  and  if  found  in  any  car,  vessel,  vehicle,  or  conveyance  undergoing  interstat 
transportation,  shall  be  subjected  to  such  inspection,  disinfection,  or  other  measure 
as  may  be  necessary  to  prevent  the  spread  of  the  infection  from  them. 

Sec.  3.  Observance  of  travel  regulations. — Common  carriers  shall  not  knowinglj 
accept  for  transportation  from  one  State  or  Territory  or  the  District  of  Columbia  in* 
another  State  of  Territory  or  the  District  of  Columbia  any  person  suffering  from  any  c 
the  diseases  mentioned  in  section  1,  except  as  hereinafter  provided;  and  no  pereol 
knowing  that  he  is  in  the  communicable  stage  of  any  of  the  diseases  enumerated  ii 
section  1  shall  travel  on  any  car,  vessel,  vehicle,  or  other  conveyance  engaging  i\ 
interstate  traffic,  except  as  hereinafter  provided,  nor  shall  any  parent,  guardia* 
physician,  nurse,  or  other  person  allow  or  procure  such  transportation  for  any  minoj 
ward,  patient,  or  other  person  under  his  charge. 

Sec.  4.  Persons  prohibited  from  travel. — No  person  infected  with  plague,  choler* 
smallpox,  yellow  fever,  or  typhus  fever  shall  be  received  by  common  carriers,  thei 
agents,  or  employees,  upon  any  vessel,  car,  vehicle,  or  conveyance  operating  i| 
interstate  traffic. 

Sec  5.  Travel  of  lepers. — Common  carriers  shall  not  accept  for  transportatioD  < 
transport  in  interstate  traffic  any  person  known  by  them  to  be  afflicted  with  leproel 
nor  shall  any  person  so  afflicted  accept  such  transportation  except  as  hereinaftj 
provided. 
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(a)  A  peiBon  afflicted  with  leproey  shall  be  permitted  to  accept  transportation  upon 
presentation  of  permits  from  the  Surgeon  General  of  the  United  States  Public  Health 
Service,  or  his  accredited  representative,  and  from  the  health  authorities  of  the  States, 
Territoriee,  or  District  of  Columbia  to  and  from  which  he  intends  to  travel,  stating 
that  such  person  may  be  received  under  such  restrictions,  which  shall  be  specified 
in  each  instance,  as  will  prevent  the  spread  of  the  disease,  provided  such  person 
shall  have  agreed  in  writing  to  comply,  and  does  so  comply,  with  the  restrictions  as 
specified. 

ih)  Any  person  who  presents  symptoms  of  leprosy,  and  who  is  traveling  or  who 
b»  left  the  State  where  he  resides  in  \'iolation  of  the  above  regulations,  shall  be  de- 
tained: and,  if  proVed  to  be  a  leper,  shall  be  returned  to  such  State  or  removed  to  such 
Fedefal  station  as  the  Secretary  of  the  Treasury  may  designate,  and  the  proper  health 
AuthoritieB  notified. 

Sec.  6.  TVttw/  of  diseaud  per$on8, — Except  as  prohibited  in  section  3  and  except 
leprosy,  pulmonary  tuberculosis,  and  venereal  diseases  provided  for  in  other  para- 
graphs of  tliese  regulations,  common  carriers  shall  not  receive  upon  any  car,  vessel, 
or  conveyance  operating  in  interstate  traffic  any  person  known  by  them  to  be  afflicted 
vith  any  of  the  diseases  enumerated  in  secticm  1,  or  any  person  known  to  be  a  carrier 
ol  these  diaeases,  unless  removal  and  entrance  permits  have  been  granted  by  the 
State  or  local  health  officers  at  the  places  of  departtire  and  arrival,  and  unless  such  per- 
SOD  is  placed  in  a  compartment  separate  from  other  passengers,  is  accompanied  by  a 
properly  qualified  nurse  or  other  attendant,  and  unless  such  nurse  or  attendant  has 
pledged  Imneelf  or  herself  in  writing  to  the  conunon  carrier  tb  comply  with  the 
following  regulations,  and  does  so  comply  while  in  transit: 

(a)  Communication  with  the  compartment  within  which  the  patient  is  traveling 
<haU  be  restricted  to  the  minimum  consistent  with  the  proper  care  and  safety  of  the 
pfttient 

(b)  AU  diahes  and  utensils  used  by  the  patient  en  route  shall  be  placed  in  a  5  per 
•^ent  solution  of  carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value  for  at  least 
<ne  hour  after  they  have  been  used  and  before  being  allowed  to  leave  the  compart- 
ment. 

(c)  All  sputum  and  nasal  discharges  from  the  patient  shall  be  received  in  gauze  or 
paper,  which  shall  be  deposited  in  a  paper  bag  or  in  a  closed  vessel  and  shall  be  de- 
stroyed by  burning  or  disinfected  by  inunersing  for  at  least  one  hour  in  a  5  per  cent 
solution  of  carbolic  acid  or  other  solution  of  equivalent  disinfecting  value. 

((/)  Said  nurse  or  attendant  shall,  after  performing  any  service  to  the  patient,  at 
once  cleanse  the  hands  by  washing  them  in  a  2  per  cent  solution  of  carbolic  acid  or 
oth«r  fluid  of  equivalent  disinfecting  value. 

it)  In  the  case  of  a  person  afllicted  with  typhoid  fever,  paratyphoid  fever,  or 
dysent^y  the  nurse  or  attendant  shall  pledge  himself  or  herself  in  writing  to  the 
common  carrier  to  comply  with  the  following  regulations  while  in  transit,  in  addition 
^'^)!  (&)*  M,  Ai^d  (d)  of  this  section: 

1.  AU  urine  and  feces  of  the  patient  shall  be  received  into  a  5  per  cent  solution  of 
^^^rbotic  add  or  other  fluid  of  equivalent  disinfecting  value,  placed  in  a  covered  ves- 
sel, thoroughly  mixed;  and  allowed  to  stand  for  at  least  two  hours  after  the  last  addi- 
(ioQ  thereto  before  being  burned,  destroyed,  or  emptied. 

2.  A  sheet  of  rubber  or  other  impervious  material  shall  be  carried  and  shall  be 
i^presd  between  the  sheet  and  the  mattress  of  any  bed  that  may  be  used  by  the  patient 
vhile  in  transit. 

3.  Slid  nurse  or  attendant  shall  use  all  necessary  precautions  to  prevent  the  access 
'^  fliss  to  the  patient  or  his  discharges. 

4.  Provided,  That  if  a  person  with  typhoid,  paratyphoid,  or  dysentry  is  presented 
^  a  railway  station  in  ignorance  of  these  regulations  and  his  transportation  is  necessary 
w  &  life-saving  or  safeguarding  measure,  an  emergency  may  be  declared,  and  the 
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INTERSTATE  QUARANTINE  REGULATIONS. 

The  Interstate  Quarantine  Regulations  of  the  United  States  are  promulgated  by 
the  Secretary  of  the  Treasury  on  the  advice  of  the  United  States  Public  Health  Service 
under  powers  conferred  by  an  act  of  Congress  approved  February  15, 1893.  They  have 
the  force  of  law  and  penalties  may  be  imposed  for  noncompliance.  They  apply  to 
all  traffic  passing  from  one  State  into  another. 

The  Interstate  Quarantine  Regulations  now  in  force  are  the  product  of  gradual 
growth  by  addition  and  revision  through  a  long  period  of  years.  They  consist  of  31 
sections,  divided  as  follows:  (I)  Transportation  of  persons  or  things  infected  with 
communicable  diseases;  sections  1  to  18.  (II)  Water  supplies;  sections  19  and  20. 
(Ill)  Sanitation  of  cars  and  vessels;  sections  21  to  29.  (IV)  Sanitation  of  stations  and 
camps;  sections  30  and  31. 

Only  the  first  10  sections  of  the  regulations  apply  to  the  transportation  of  persons 
infected  with  communicable  diseases.  They  are  as  follow: 

Sec  1.  Qvaraatinable  diseases. — For  the  purpose  of  interstate  quarantine  the  fol- 
lowing diseases  shall  be  regarded  as  contagious  and  infectious  diseases  within  the 
meaning  of  section  3  of  the  act  approved  February  15, 1893:  Plague,  cholera,  smallpox, 
typhus  fever,  yellow  fever,  typhoid  fever,  paratyphoid,  dysentery,  pulmonary  tuber- 
culosis, leprosy,  scarlet  fever,  diphtheria,  measles,  whooping  cough,  epidemic  cerebro- 
spinal meningitis,  anterior  poliomyelitis.  Rocky  Mountain  spotted  or  tick  fever, 
syphilis,  gonorrhea,  chancroid,  anthrax,  influenza,  pneumonia,  epidemic  encephalitis, 
septic  sore  throat,  rubella,  and  chicken  pox. 

Sec  2.  Quarantiruible  persons  or  things. — Any  person  or  thing,  either  living  or  dead, 
which  has  been  unduly  exposed  to  or  in  intimate  contact  with  or  is  infected  with 
any  of  the  diseases  enumerated  in  section  1,  except  as  otherwise  provided  in  these 
regulations,  shall  be  regarded  as  contagious  or  infectious  until  the  contrary  has  been 
proved,  and  if  found  in  any  car,  vessel,  vehicle,  or  conveyance  undergoing  interstate 
transportation,  shall  be  subjected  to  such  inspection,  disinfection,  or  other  measures 
as  may  be  necessary  to  prevent  the  spread  of  the  infection  from  them. 

Sec  3.  Observance  of  travel  regtdations. — Common  carriers  shall  not  knowin^y 
accept  for  transportation  from  one  State  or  Territory  or  the  DisMct  of  Columbia  into 
another  State  of  Territory  or  the  District  of  Columbia  any  person  suffering  from  any  of 
the  diseases  mentioned  in  section  1,  except  as  hereinafter  provided;  and  no  person 
knowing  that  he  is  in  the  communicable  stage  of  any  of  the  diseases  enumerated  in 
section  1  shall  travel  on  any  car,  vessel,  vehicle,  or  other  conveyance  engaging  in 
interstate  traffic,  except  as  hereinafter  provided,  nor  shall  any  parent,  guardian, 
physician,  nimse,  or  other  person  allow  or  procure  such  transportation  for  any  minor, 
ward,  patient,  or  other  person  under  his  charge. 

Sec  4.  Persons  prohibited  from  travel. — No  person  infected  with  plague,  cholera, 
smallpox,  yellow  fever,  or  typhus  fever  shall  be  received  by  common  carriers,  their 
agents,  or  employees,  upon  any  vessel,  car,  vehicle,  or  conveyance  operating  in 
interstate  traffic. 

Sec  5.  Travel  of  lepers. — Common  carriers  shall  not  accept  for  transportation  or 
transport  in  interstate  traffic  any  person  known  by  them  to  be  afflicted  with  leprosy, 
nor  shall  any  person  so  afflicted  accept  such  transportation  except  as  hereinafter 
provided. 
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(a)  A  person  afflicted  with  leprosy  shall  be  permitted  to  accept  transportation  upon 
presentatioii  of  permits  from  the  Surgeon  General  of  the  United  States  Public  Health 
Serried,  or  his  accredited  representative,  and  from  the  health  authorities  of  the  States, 
Territories,  or  District  of  Columbia  to  and  from  which  he  intends  to  travel,  stating 
that  such  person  may  be  received  under  such  restrictions,  which  shall  be  specified 
in  each  instance,  as  will  prevent  the  spread  of  the  disease,  provided  such  person 
shall  have  agreed  in  writing  to  comply,  and  does  so  comply,  with  the  restrictions  as 
gpecifiod. 

(h)  Any  person  who  presents  symptoms  of  leprosy,  and  who  is  traveling  or  who 
htt  left  the  State  where  he  resides  in  \iolation  of  the  above  regulations,  shall  be  de- 
tained :  and.  if  proved  to  be  a  leper,  shall  be  returned  to  such  State  or  removed  to  such 
Federal  station  as  the  Secretary  of  the  Treasury  may  designate,  and  the  proper  health 
lutboritieB  notified. 

Sec.  6u  Travel  of  diseased  persons, — Except  as  prohibited  in  section  3  and  except 
leprosy,  pulmonary  tuberculosiB,  and  venereal  dkeases  provided  for  in  other  para- 
graphs of  these  regulations,  common  carriers  shall  not  receive  upon  any  car,  vessel, 
or  conveyance  operating  in  interstate  traffic  any  person  known  by  them  to  be  afflicted 
with  any  of  the  diseases  enumerated  in  section  1,  or  any  person  known  to  be  a  carrier 
of  these  diseases,  unless  removal  and  entrance  permits  have  been  granted  by  the 
State  or  local  health  officers  at  the  places  of  departiue  and  arrival,  and  unless  such  per- 
son is  placed  in  a  compartment  separate  from  other  passengers,  is  accompanied  by  a 
property  qualified  nuise  or  other  attendant,  and  unless  such  nurse  or  attendant  has 
pledged  himself  or  herself  in  writing  to  the  ccHnmon  carrier  tb  comply  with  the 
ftdlowing  regulations,  and  does  so  comply  while  in  transit: 

(a)  CommunicatioQ  with  the  compartment  within  which  the  patient  is  traveling 
shall  be  restricted  to  the  minimum  consistent  with  the  proper  care  and  safety  of  the 
patient. 

(b)  All  dishes  and  utensils  used  by  the  patient  en  route  shall  be  placed  in  a  5  per 
cent  solution  ol  carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value  for  at  least 
0D6  hour  after  they  have  been  used  and  before  being  allowed  to  leave  the  compart- 
ment. 

(e)  All  sputum  and  nasal  discharges  from  the  patient  shall  be  received  in  gauze  or 
paper,  which  shall  be  deposited  in  a  paper  bag  or  in  a  closed  vessel  and  shall  be  de- 
rtroyed  by  burning  or  disiniected  by  immersing  for  at  least  one  hour  in  a  5  per  cent 
solution  of  carbolic  acid  or  other  solution  of  equivalent  disinfecting  value. 

{it)  Said  nurse  or  attendant  shall,  after  periorming  any  service  to  the  patient,  at 
once  cleanse  the  hands  by  washing  them  in  a  2  per  cent  solution  of  carbolic  acid  or 
other  fluid  of  equivalent  disinfecting  value. 

(<)  In  the  case  of  a  person  afllicted  with  typhoid  fever,  paratyphoid  fever,  or 
dyBentery  the  nurse  or  attendant  shall  pledge  himself  or  herself  in  writing  to  the 
coaun<m  carrier  to  comply  with  the  following  r^ulations  while  in  transit,  in  addition 
^(a)«  (^)>  (c)i  i^d  (d)  of  this  section: 

1.  AU  urine  and  feces  of  the  patient  shall  be  received  into  a  5  per  cent  solution  of 
cvbotic  acid  or  other  fluid  of  equivalent  disinfecting  value,  placed  in  a  covered  ves- 
sel, thorotighly  mixed,  and  allowed  to  stand  for  at  least  two  hours  after  the  last  addi- 
tion thereto  before  being  burned,  destroyed,  or  emptied. 

2.  A  sheet  of  rubber  or  oth^  impervious  material  shall  be  carried  and  shall  be 
spnad  between  the  sheet  and  the  mattress  of  any  bed  that  may  be  used  by  the  patient 
while  in  transit. 

3.  Slid  nurse  or  attendant  shall  use  all  necessary  precautions  to  prevent  the  access 
of  flies  to  the  patient  or  his  discharges. 

4.  Provided f  That  if  a  person  with  typhoid,  paratyphoid,  or  d3rsentry  is  presented 
at  a  ruiway  station  in  ignorance  of  these  regulations  and  his  transportation  is  necessary 
as  a  lile-eavii^  or  safeguarding  measure,  an  emergency  may  be  declared,  and  the 
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patient  m&y  be  carried  a  reasonable  distance  in  a  baggage  car  if  accompanied  by  an 
attendant  responaible  for  his  care  and  removal:  Provided  aliOy  That  regulations  (a), 
Wi  (c),  ((f),  and  («)  of  this  section  shall  be  complied  with  in  so  lir  as  the  circumstances 
will  allow,  and  that  all  bedding,  clothing,  rags,  or  cloths  used  by  the  patient  shall  be 
removed  with  him:  And  provided  further  ^  That  any  parts  of  the  car  which  have  become 
contaminated  by  any  discharges  of  the  patient  shall  be  disinfected  as  soon  as  practi- 
cable, but  not  later  than  the  end  of  the  run,  by  washing  with  a  5  per  cent  solution  of 
carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value. 

Sec.  7.  Travel  oftubercuUms  persons. — Common  carriers,  their  agents  or  employees, 
shall  not  receive  for  interstate  transportation  any  person  known  by  them  to  be  afflicted 
with  pulmonary  tuberculosis  in  a  communicable  stage  unless  said  person  is  provided 
with  (a)  a  sputum  cup  made  of  impervious  material  and  so  constructed  as  to  admit  of 
being  tightly  closed  when  not  in  use;  (6)  a  sufficient  supply  of  gauze,  papers,  or  siimlar 
articles  of  the  proper  size  to  cover  the  mouth  and  nose  while  coughing  or  sneezing; 
(c)  a  heavy  paper  bag  or  other  tight  container  for  receiving  the  soiled  gauze,  paper, 
or  similar  articles;  and  unless  such  person  shall  obligate  himself  to  use  the  articUe 
provided  for  in  the  manner  intended,  and  to  destroy  said  articles  by  burning  or  to 
disinfect  them  by  immersing  for  at  least  one  hour  in  a  5  per  cent  solution  of  carbolic 
acid  or  other  solution  of  equivalent  disinfecting  value  in  a  covered  vessel. 

Sec  8.  Travel  ofvenereally  infected  persons. — (a)  Any  person  infected  with  S3rphilis, 
gonorrhea,  or  chancroid  who  wishes  to  engage  in  interstate  travel  must  first  obtain 
a  permit,  in  writing,  from  the  local  health  officer  under  whose  jurisdiction  he  resides. 
This  permit  shall  state  that,  in  the  opinion  of  the  health  officer,  such  travel  is  not 
dangerous  to  the  public  health. 

(6)  Any  person  infected  with  syphilis,  gonorrhea,  or  chancroid  who  wishes  to 
change  his  residence  from  one  State  to  another  must  first  obtain  his  release,  in  writing, 
from  the  local  health  officer.  He  shall  inform  the  local  health  officer  as  to  the  place 
where  he  intends  to  reside,  and  shall  agree,  in  writing,  to  report  in  person  to  the  proper 
health  ofi^cer  within  one  week  after  arrival  at  his  new  residence.  It  shall  be  the  duty 
of  the  health  officer  who  issues  the  release  to  promptly  notify  the  health  officer  under 
whose  jiuisdiction  the  infected  person  is  to  enter  of  its  issue.  This  release  shall  con- 
tain the  name  and  address  of  the  infected  p«w>n.  The  receiving  health  officer  shall, 
in  turn,  report  the  arrival  of  the  infected  person  to  the  health  officer  who  issued  his 
release  and  notify  the  State  health  officer  of  his  State  that  a  person  infected  with 
venereal  disease  has  entered  his  jurisdiction. 

(c)  Any  person  infected  with  syphilis,  gonorrhea,  or  chancroid  who  wishes  to  engage 
in  interstate  travel  or  change  his  residence  shall  agree  to  continue  treatment  under 
the  direction  of  a  reputable  physician  until  the  health  officer,  or  his  accredited  repre- 
sentative, shall  have  complied  with  the  State  board  of  health  requirements  for  release 
of  venerally  infected  persons. 

Sec  9.  Sick  passenger  en  route. — In  the  event  of  the  appearance  of  any  disease 
mentioned  in  section  1,  with  the  exception  of  tuberculosis  and  venereal  diseases,  in 
any  person  aboard  any  car,  vessel,  vehicle,  or  conveyance  operating  in  interstate 
traffic,  the  common  carrier  shall  at  once  isolate  the  sick  person  and  remove  him  from  the 
car,  vessel,  vehicle,  or  conveyance  at  the  first  convenient  place  at  which  reason- 
able provision  may  be  had  for  the  protection  of  the  patient  and  the  public  health,  and 
shall  immediately  notify  the  Surgeon  General  of  the  United  States  Public  Health 
Service  and  the  State  and  local  health  officer  of  the  place  at  which  the  person  waa 
removed  from  such  car,  vessel,  vehicle,  or  coDveyance. 

(a)  In  accordance  with  the  foregoing  paragraph,  a  yellow-fever  case  occuwing  en 
route  shall  be  isolated  in  a  compartment  so  screened  as  to  prevent  the  entiance  or 
exit  of  mosquitoes,  or  their  access  to  the  patient;  and  the  patient  shall  not  be  disem- 
barked in  infectible  territory  unless  thoroughly  piotected  from  mosquitoes,  and  unlesa 
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pennisBioii  far  such  disembarkation  has  been  obtained  from  the  State  and  local  health 
officials  having  jurisdiction  over  the  place  of  disembarkation. 

Sec.  10.  Conveyances  vacated  by  infected  persons. — Immediately  after  vacation  by 
a  penoD  having  any  of  the  diseases  mentioned  in  section  1,  with  the  exception  of 
pulmonary  tuberculosis  and  venereal  diseases,  any  berth,  compartment,  or  state- 
room should  be  closed  and  not  again  occupied  until  properly  cleaned  and  disinfected, 
and  aU  bedding,  blankets,  and  linen  in  any  such  space  should  be  laundered  or  other- 
wias  thoroughly  cleaned  and  disinfected  befwe  being  again  used. 

(s)  In  regard  to  a  yellow-fever  case,  the  compartment  vacated  by  the  patient  shall 
be  fumigated  immediately  upon  disembarkation  of  patient  in  such  manner  as  to  insure 
the  complete  destruction  of  all  mosquitoes  contained  therein. 

STANDARD  RAILWAY  SANITARY  CODE. 

What  is  now  known  as  the  Standard  Railway  Sanitary  Code  was  originally  prepared, 
under  the  simpler  title  of  a  railway  sanitary  code,  by  the  committee  on  health  and 
medical  relief  for  the  United  States  Railroad  Administration.  It  was  submitted  to 
the  Surgeon  General  of  the  United  States  Public  Health  Service,  and  such  changes 
▼ere  made  as  were  necessary  to  bring  it  into  accord  with  the  Interstate  Quarantine 
Regulations  as  they  then  were,  and  was  then  distributed  by  the  Director  General  of 
Rizlroads  to  the  various  Federal  managers  as  a  guide  to  standard  practice.  When  the 
committee  on  health  and  medical  relief  was  dissolved,  early  in  1920,  the  code  was 
presented  to  the  Conference  of  State  and  Provincial  Health  Authorities  of  North 
.America,  which^  after  some  minor  amendments,  adopted  it  at  the  annual  meeting  in 
IU7,  1920,  under  its  present  title,  and  recommended  that  the  several  States  adopt 
and  promulgate  it  as  a  part  of  their  sanitary  r^^lations. 

The  purpose  of  this  action  by  the  Conference  of  State  Health  Authorities  was  to 
replace  with  a  uniform  code  the  diverse  and  often  inconsistent  regulations  of  the 
States  for  the  sanitary  control  of  railway  traffic  and  to  harmonize  the  intrastate  with 
the  interstate  regulations.  In  accordance  with  the  recommendation  the  code  has 
been  adopted  and  is  now  in  effect  in  the  following  20  States:  Alabama,  Florida, 
Geoc;^  Illinois,  Kansas,  Kentucky,  Louisiana,  Maine,  Maryland,  Michigan,  Minne- 
ntt,  Mississippi,  New  Hampshire,  North  Dakota,  South  Carolina,  Tennessee,  Virginia, 
Wiehinglon,  West  Virginia,  Wisconsin. 

The  Standard  Railway  Sanitary  Code  consists  of  91  sections,  divided  as  follows: 

I)  Tnnsportation  of  persons  having  communicable  diseases;  sections  1  to  10.  (II) 
Water  and  ice  supplies;  sections  11  to  15.  (Ill)  Cleaning  and  disinfection  of  cars; 
•ections  16  to  20.  (IV)  Sanitation  of  cars  in  service;  sections  21  to  43.  (V)  Sani- 
tation of  railway  stations;  sections  44  to  72.  (VI)  Sanitation  of  construction  camps; 
sections  73  to  91. 

The  iirBt  10  sections,  which  apply  to  the  transportation  of  persons  having  conmiu- 
oicihle  diseases,  are  as  follow: 

SEcnoN  1.  Persons  not  allowed  to  travel. — No  person  knowing  or  suspecting  himself 
to  be  afflicted  with  plague,  cholera,  smallpox,  typhus  fever,  or  yellow  fever  shall  ap- 
ply for,  procure,  or  accept  transportation  in  any  railway  train,  car,  or  other  convey- 
Afice  of  a  common  carrier,  nor  shall  any  person  apply  for,  procure,  or  accept  such  trans- 
portation for  any  minor,  ward,  patient,  or  other  person  imder  his  charge  if  known  or 
mpected  to  be  so  afflicted. 

Sic.  2.  Persons  not  accepted  for  travel. — Common  carriers  shall  not  accept  for  trans- 
poititioii  in  any  railway  train,  car,  or  other  conveyance  any  person  known  by  them 
to  be  afflicted  with  any  of  the  diseases  enumerated  in  section  1. 

Sic.  3.  Restricted  travel. — Common  carriers  shall  not  accept  for  transportation  on 
«ny  tailway  train,  car,  or  other  conveyance  any  person  known  by  them  to  be  afflicted 
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with  diphtheria,  measles,  scarlet  fever,  epidemic  cerebrospinal  meningitis,  anterior 
poliomyelitis,  mumps,  whooping  cough,  influenza,  pneumonia,  epidemic  encephali- 
tis, septic  sore  throat,  rubella,  or  chicken  pox,  or  any  person  known  to  be  a  carrier  of 
these  diseases,  unless  such  person  is  placed  in  a  compartment  separate  from  other 
passengers,  is  accompanied  by  a  properly  qualified  nurse  or  other  attendant,  and  un- 
less such  nurse  or  attendant  shall  agree  to  comply  and  does  so  comply  with  the  fol- 
lowing  r^ulations: 

(a)  Conmiunication  with  the  compartment  in  which  the  patient  is  traveling  shall 
be  restricted  to  the  minimum  consistent  with  the  proper  care  and  safety  of  the  patient. 

(6)  All  dishes  and  utensils  used  by  the  patient  shall  be  placed  in  a  5  per  cent  solution 
of  carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value  for  at  least  one  hour 
after  they  have  been  used  and  before  being  allowed  to  leave  the  compartment. 

(c)  All  sputum  and  nasal  discharges  from  the  patient  shall  be  received  in  gauze  or 
paper,  which  shall  be  deposited  in  a  paper  bag  or  in  a  closed  vessel  and  shall  be  de- 
stroyed by  burning. 

(d)  Said  nurse  or  attendant  shall,  after  performing  any  8er\ice  to  the  patient,  at 
once  cleanse  the  hands  by  washing  them  in  a  2  per  cent  solution  of  rarlwlic  acid  or 
other  fluid  of  equivalent  disinfecting  value. 


Sec  4.  Typhoid  and  dysentery. — Conmion  carriers  shall  not  accept  for  transportation 
on  any  railway  train,  car,  or  other  conveyance  any  person  known  by  them  to  be  aflUcted 
with  typhoid  fever,  paratyphoid  fever,  or  dysentery,  unless  said  person  is  placed  in 
a  compartment  separate  from  other  passengers,  is  accompanied  by  a  properly  qualified 
nurse  or  other  attendant,  and  unless  said  nurse  or  attendant  shall  agree  to  comply  and 
does  so  comply  with  the  following  r^ulations: 

(a)  Communication  with  the  compartment  in  which  the  patient  is  traveling  shall 
be  limited  to  the  minimum  consistent  with  the  proper  care  and  safety  of  the  patient. 

(6)  All  dishes  and  utensils  used  by  the  patient  shall  be  placed  in  a  5  per  cent  solu- 
tion of  carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value  for  at  least  one 
homr  after  they  have  been  used  and  before  being  allowed  to  leave  the  compartment. 

(c)  AH  urine  and  feces  of  the  patient  shall  be  received  into  a  5  per  cent  solution  of 
carbolic  add  or  other  fluid  of  equivalent  disinfecting  value,  placed  in  a  covered 
vessel,  thoroughly  mixed,  and  allowed  to  stand  for  at  least  two  hours  after  the  last 
addition  thereto  before  being  emptied. 

{d)  A  sheet  of  rubber  or  other  impervious  material  shall  be  carried  and  shall  be 
spread  between  the  sheet  and  the  mattress  of  any  bed  that  may  be  used  by  the  patient 
while  in  transit. 

(e)  Said  nurse  or  attendant  shall  use  all  necessary  precautions  to  prevent  the 
access  of  flies  to  the  patient  or  his  discharges,  and  after  performing  any  service  to  the 
patient  shall  at  once  cleanse  the  hands  by  washing  them  in  a  2  per  cent  solution  of 
carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value. 

(/)  Provided^  That  if  a  person  with  typhoid  or  dysentery  is  presented  at  a  railway 
station  in  ignorance  of  these  regulations  and  his  transportation  is  necessary  as  a  life- 
saving  or  safeguarding  measure,  an  emergency  may  be  declared  and  the  patient  may 
be  carried  a  reasonable  distance  in  a  baggage  car  if  accompanied  by  an  attendant 
responsible  for  his  care  and  removal:  Provided  ahoj  That  regulations  (a),  (6),  (c),  ((/)» 
and  (€)  of  this  section  shall  be  complied  with  in  so  far  as  the  circumstances  will 
allow,  and  that  all  bedding,  clothing,  rags,  or  cloths  used  by  the  patient  shall  be  re- 
moved with  him:  And  provided  further,  That  any  parts  of  the  car  which  have  become 
contaminated  by  any  dischargee  of  the  patient  shall  be  disinfected  as  soon  as  practi- 
cable, but  not  later  than  the  end  of  the  run,  by  washing  with  a  5  per  cent  solution  of 
carbolic  acid  or  other  fluid  of  equivalent  disinfecting  value. 
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Sec.  5.  Restricted  application  for  transportation. — ^No  person  knowing  or  suspecting 
himself  to  be  afflicted  with  any  of  thd  diseases  mentioned  in  sections  3  and  4  shall 
•pply  for,  procure,  or  accept  transportation  in  any  railway  train,  car,  or  other  con- 
veyaDce  of  a  common  carrier,  nor  shall  any  person  apply  for,  procure,  or  accept  such 
tnDsportation  for  any  minor,  ward,  patient,  or  other  person  imder  his  charge  if  known 
or  suspected  to  be  so  afflicted  unless  he  shall  have  agreed  to  and  made  all  necessary 
tmogements  for  complying,  and  does  so  comply,  with  the  regulations  set  forth  in 
ttid  sections  3  and  4. 


Sec.  6.  SiupeCted  cases. — If  a  conductor  or  other  person  in  charge  of  a  railway  train, 
car,  or  other  conveyance  of  a  common  carrier,  or  an  agent  or  other  person  in  charge  of 
a  railway  station,  shall  have  any  reason  to  suspect  that  a  passenger  or  a  person  con- 
templating passage  is  afflicted  with  any  of  the  diseases  enumerated  in  sections  1,  3, 
and  4,  he  shall  notify  the  nearest  health  officer,  or  company  physician  if  the  health 
officer  is  not  available,  by  the  quickest  and  most  practicable  means  possible,  of  his 
suspicion;  and  said  health  officer  or  physician  shall  immediately  proceed  to  the  train, 
car,  or  other  conveyance  at  the  nearest  possible  point,  or  to  the  railway  station,  to 
detennine  whether  such  disease  exists. 

Sec.  7.  Disposition. — If  the  health  officer  or  physician,  as  provided  for  in  section 
6,  ahall  find  any  such  person  to  be  afflicted  with  any  of  the  diseases  enumerated  in 
aectiona  1,  3  and  4,  he  shall  remove  such  person  from  the  station  or  conveyance,  or 
shall  isolate  him  and  arrange  for  his  removal  at  the  nearest  convenient  point;  shall 
treat  the  car  or  other  conveyance  as  infected  premises,  allowing  it  to  proceed  to  a 
convenient  place  for  prop^  treatment  if  in  his  judgment  consistent  with  the  public 
w^&re,  in  such  case  notifying  the  health  officer  in  whose  jurisdiction  the  place  is 
located;  and  shall  take  such  other  measures  as  will  protect  the  public  health :  Provided, 
That  if  not  prohibited  in  sections  1  and  2  of  these  regulations  the  afflicted  person  so 
(oand  may  be  allowed  to  continue  his  travel  if  arrangements  are  made  to  comply, 
aad  he  does  so  comply,  with  the  requirements  of  the  section  of  thase  regulations 
pertaining  to  the  disease  with  which  he  is  afflicted. 

Sec.  S.  Leprosy. — Conmion  carriers  shall  not  accept  for  transportation  nor  transport 
m  any  railway  train,  car,  or  other  conveyance  any  person  known  by  them  to  be  afflicted 
with  leprosy,  unless  such  person  presents  permits  from  the  Surgeon  General  of  the 
United  States  Public  Health  Service  or  his  accredited  representative,  and  from  the 
State  department  of  health  of  the  States  from  which  and  to  which  he  is  traveling, 
BUdsg  that  such  person  may  be  received  imder  such  restrictions  as  will  prevent  the 
^>reid  of  the  disease,  and  said  restrictions  shall  be  specified  in  each  instance;  and 
DO  person  knowing  or  suspecting  himself  to  be  afflicted  with  leprosy,  nor  any  person 
acting  for  him,  shall  apply  for,  procure,  or  accept  transportation  team  any  common 
carrier  unless  such  permits  have  been  received  and  are  presented,  and  unless  the 
per9on  so  afflicted  agrees  to  comply  and  does  so  comply  with  the  restrictions  ordered, 
liaay  i^nt  of  a  conmion  carrier  shall  suspect  that  any  person  in  a  train,  car,  or  other 
ooaveyance,  or  at  a  railway  station,  is  afflicted  with  leprosy,  he  shall  proceed  as  directed 
ui  the  case  of  other  suspected  diseases  in  sections  6  and  7  of  these  regulations. 

Sec.  9.  PulmoTUxry  tuberculosis. — Common  carriers  shall  not  accept  for  transportation 
uiy  person  known  by  them  to  be  afflicted  with  pulmonary  tuberculosis  in  a  commu- 
nicable stage  unless  said  person  is  provided  with  (a)  a  sputimi  cup  made  of  impervious 
material  and  so  constructed  as  to  admit  of  being  tightly  closed  when  not  in  use,  (6) 
1  soffideat  supply  of  gauze,  papers,  or  similiar  articles  of  the  proper  size  to  cover  the 
oMHUh  and  nose  while  coughing  or  sneezing,  (c)  a  heavy  pat>ei  bag  or  other  tight 
contaiaer  for  receiving  the  soUckI  gauze,  paper,  or  similar  article!^  ai^  unless  such 
P«CBon  shall  obligate  himself  to  use  the  articles  provided  for  in  the  manner  intended, 


FURTHER  STATISTICS  OF  LEPROSY  IN  HAWAfl. 


In  Public  Health  Bulletin  No.  33  (1910)  Brinckerhoff  and  Reinecke 
presented  the  available  statistics  of  leprosy  in  the  Territory  of 
Hawaii  up  to  the  end  of  1908,  and  in  Public  Health  Bulletin  No.  66 
(1914)  MoCoy  gave  further  statistics  up  to  the  end  of  1913.  In  this 
paper  it  is  desired  to  record  similar  data  up  to  the  end  of  1921.  In 
another  paper,  statistics  of  cases  of  leprosy  that  have  been  allowed 
to  l^ve  segr^ation  on  parole  will  be  recorded. 

The  paroling  of  apparently  arrested  cases  of  leprosy  was  begun 
in  1912.  Some  of  these  cases  haye  suffered  a  relapse,  and  upon 
retoming  to  segregation  such  patients  have  been  taken  up  as  new 
admissions.  As  a  result,  the  gross  figures  require  the  deduction  of 
these  cases  in  order  to  represent  the  strictly  new  cases  of  leprosy 
apprehended. 

In  this  paper  the  term  ^'apprehended,"  does  not  necessarily  mean 
arrest  by  process  of  law.  It  is  used  to  designate  all  who  have  entered 
segregation.  It  should  be  stated  here  that  in  recent  years  some 
lepers  have  yoluntarily  entered  segregation  in  hopes  of  having  their 
disease  arrested  by  proper  treatment. 

It  is  probable  that  there  are  errors  in  the  figures  given  herein,  but  it 
is  not  believed  that  they  are  sufficient  to  impair  their  value  to  any 
great  extent.  The  reliability  of  the  data  may  be  questionable  but 
they  are  the  best  that  can  be  obtained.  A  considerable  portion  of 
the*data  is  based  upon  the  statements  of  the  patients  or  their  rela- 
tives. Conditions  influencing  the  information  given  in  the  tables 
will  be  discussed  when  considering  the  statistics  given. 

In  order  to  give  the  reader  a  general  view  of  the  history  of  leprosy 
in  Hawaii,  the  nimiber  of  lepers  apprehended  in  each  year  from  1866 
to  1913,  given  in  McCoy's  paper,  has  been  repeated  here  and  to  this 
the  years  1914  to  1921  have  been  added. 

Tablb  1. — Total  nuwher  of  new  case$. 


Year. 

New 
cases. 

Year. 

New 
cases. 

Year. 

New 
cases. 

Year. 

New 
cases. 

Ml 

141 
67 
7» 
73 
31 

13S 
00 

305 
63 

128 
67 

110 

136 

1870 

82 

34 
106 

70 
301 
108  ' 
103 

42 
220 
558 
306 
1R4 
142 

1802 

109 

210 

137 

106 

147 

126 

80 

58 

102 

86 

87 

121 

06 

1005 

90 

1867 

1880 

1803 

1006 

54 

IM. 

1881 

1804 

1907 

94 

in». 

1882 

1805 

1908 

23 

vm. 

1883 

1806 

1000 

66 

wi.....  .. 

1884. 

1807 

1910 

•    47 

vot 

1886 

1808 

1911 

100 

wt 

1886 

1800 

1912 

1913 

1914 

1915 

138 

1174., 

1887 

1000 

49 

m 

m» 

1901 

55 

Wl 

1880 

1002 

75 

W77. 

1800. 

1903 

M78 ,.... 

1801 

1004 

(1) 
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Tablb  1. — Total  number  of  new  came — Contuuied, 


Year. 

New 
cases. 

Read- 
missions. 

Total  ad- 

Year. 

New 
oases. 

Read- 

Total  ad^ 

missloDS. 

• 

WlB...^ 

71 
78 
92 

1 
8 

1 

72 
79 
9d 

1919 

98 

#8 

100 

2 

4 
18 

MO 

MIT. 

1920L 

1921 

102 

1018. 

•••••••••••••^» 

118 

Nan.— Two  panoled  caaes  were  readmitted  witbout  astlgiiBfitnt  of  a  new  caDseeutlTe  numbar,  IncreadBf 
the  total  number  of  readmisslons  to  31. 

From  Table  1  it  is  seen  that  the  number  of  lepers  entering  segrega- 
tion since  1913  has  gradually  increased,  so  that  in  1921  it  was  double 
the  number  for  1913.  Furthermore,  considering  the  past  20  years 
by  5-year  periods,  we  find  that  the  last  5  years  exceed  the  other 
periods,  the  totals,  by  5-year  periods,  beginning  with  1902,  being 
448,  339,  388,  and  464, respectively.  Apart  of  the  increase  in  the 
recent  years  may  be  due  to  the  voluntary  surrender  of  lepers,  since  it 
has  become  known  that  it  is  possible  that  the  disease  may  be  arrested 
by  treatment  and  that  segregation  is  not  necessarily  of  lifelong 
duration. 

Table  2. — Nationality  of  lepers  apprehendecL 


Year. 


lOU. 
1915. 
1916. 
1917. 
1918. 
1919. 
1920. 
1921. 


Total. 


32 
62 
37 
35 
47 
63 
53 
43 


10 
14 
15 
15 
23 
15 
10 
22 


362 


130 


s 


4 

2 
3 
3 
4 

6 
11 
IS 


3 
4 

6 
7 
7 
2 
8 
6 


46 


43 


5 
5 
4 
6 
5 
5 


30 


2 
1 
1 
3 
1 
2 
2 
8 


I 


Mk 


2 
5 
5 


15    13 




Si 

12  B 


i 

a 


2 
1 
2 
2 


2 
2 


11 


1 
1 
3 


1 

8 


s 


1 

i' 


I 


<6 

71 
71 
70 
92 
96 
96 
100 


•65 


Table  2  aims  to  give  the  nationality,  rather  than  the  birthplace, 
of  lepers  segregated.  A  child  bom  in  Hawaii  of  American  parents 
is  recorded  as  American.  Hawaiian  applies  only  to  the  race  which 
originally  inhabited  these  islands.  Part  Hawaiian  includes  all  racial 
mixtures  in  which  any  Hawaiian  blood  is  present. 

Table  3. — Incidence  by  nationality. 


Nationality. 


Hawaiian 

Part  Hawaiian 

Japanese 

Portuguese 

FUipino 

Korean 

Chinese , 

Caucasians  other  than  Portuguese. 

Porto  Ricans , 

Negro  and  others , 


Total. 


Population, 

census  of 

1920. 

Lepers, 
1914r-m. 

Averan 
annualm- 
cidenoepw 

1,000. 

23,723 

362 

LOl 

18,027 

130 

.90 

109,274 

46 

.05 

27,002 

43 

.81 

21,081 

SO 

.18 

4,950 

15 

.38 

23,607 

13 

.07 

22,138 

17 

.00ft 

6,602 

7 

.16 

658 

2 

.38 

255,912 

655 

.32 

Table  3  shows  the  incidence  of  leprosy  by  nationalities  during  the 
eight  years  1914  to  1921,  based  upon  the  figures  of  the  census  of  1920. 
The  average  annual  incidence  for  this  period  has  been  0.32  per  1,000. 
For  the  period  1901tol913,  covered  by  McCoy's  paper,  the  incidence, 
based  on  the  census  of  1910,  was  0.42  per  1,000.  Therefore,  we  find 
that  the  incidence  rate  of  leprosy  has  decreased,  though  the  average 
number  of  lepers  segr^ated  each  year  has  increased.  It  is  realized 
that  this  comparison  is  not  very  accurate  by  reason  of  the  different 
Dumber  of  years  considered  in  each  group,  all  rates  being  based  upon 
the  census  falling  within  each  period.  However,  considering  the  last 
twodecades  only,  we  find  that  for  the  10  years  1912  to  1921  there  were 
852  lepers  segregated,  or  an  average  annual  incidence  of  0.33  per 
1,000,  based  on  the  census  of  1920.  For  the  10  years  1902  to  1911 
there  were  873  lepers  apprehended,  which  gives  an  average  annual 
incidence  rate  of  0.45  per  1,000,  based  on  the  census  of  1910.  While 
this  computation  is  not  ideal,  in  that  it  is  based  on  the  population  of  a 
single  year  near  the  end  of  the  decade,  the  same  criticism  applies 
equally  in  both  periods  imder  consideration. 

These  figures  indicate  that  the  incidence  of  leprosy  in  Hawaii  is 
gradually  lessening,  and  in  view  of  the  larger  number  of  voluntary 
surrenders  of  lepers  in  the  past  three  years,  which  would  tend  to  main- 
tain the  rate  at  its  former  level,  it  is  especially  gratifying  to  the  health 
authorities  to  see  a  decrease  in  incidence,  even  though  it  be  small. 
In  Table  3,  Europeans  and  Americans  are  considered  together  to  con- 
(onu  to  the  census  designation  ''Caucasion  other  than  Portuguese." 

In  McCoy's  paper  he  states  that  ''it  sometimes  happens  that  when 
leprosy  is  diagnosed  in  a  foreigner,  arrangements  are  made  for  re- 
turning the  patient  to  his  native  land."  While  this  would  probably 
hold  true  for  the  first  half  of  the  period  1914  to  1921,  in  the  latter  half 
it  does  not,  as  the  foreigner  prefers  to  stay  here  in  order  to  obtain  the 
benefit  of  treatment  which  he  may  not  be  able  to  obtain  in  his  father- 
land. This  also  would  tend  to  keep  the  incidence  rate  at  a  higher 
figure. 

Tablb  4. — Incidence  by  sex  and  age  groups. 


A(efroup 

lto5 
7«sn. 

6  to  10 

11  to  15 
jmn. 

16  to  20   21  to  25 
yaan.     years. 

1 

28  to  30 
yeara. 

31  to  35 

ymn. 

3«to40 
yean. 

41  to  45 
years. 

46  to  50 
years. 

8tx 

M. 

F. 

Iff. 

F. 

M. 

ft 

8 
7 
8 

12 
9 

14 
7 

F. 

1 

12 
6 

1 
7 
5 
9 
12 

i           1 

4  '  10      9 
3      7       5 
3  >    6     15 
8      4     10 
8       8       8 
15      5     10 
10      9       8 
3       6  '    8 

F. 

6 
3 

A 

M. 

2 
10 

7 

F. 

1 
3 
1 
2 

Q 

M. 

4 

4 
3 
5 

F.  |m. 

2      3 
1        5 

F. 

M. 

F. 

1 
2 
1 
3 

•  •  •  • 

1 

«  •  •  • 

4 
12 

4 

1 
1 
2 
1 
3 
4 
5 

F. 

mi 

mi 

2 
3 
3 

1 
4 
2 
6 

1 

j; 

mt 

1 

2 

1 
3 
3 
3 

2    ....      1       2 
1-4       1  1    5 

1    t      A          9   1      A 

W7 ; " 

fi 

4 

im 

4 

6 

K. 

mt :;' 

A        ^ 

1 
1 
6 

9 

3 
4 

1 
2 

2 
2 
5 

2 

it» 

1 

4  ,     7 

o 

6 

A 

1 

im ;:;;: 

0        5        4 

TotaL.... 

— 

2 

12 

21 

n 

53 

54     55     73 

38     50  1  28     35 
1 

15 

34 

8 

20 

21 

7 

Table  4 

.-^Incidence  by  hx  and  age  groupi — Oontinned. 

Ak6  fcrociD  ••••r 

51  to  55 
years. 

66to<» 
years. 

61  to  65 
years. 

66  to  70 
years. 

71  to  75 
years. 

76  to  80 
years. 

Not 
stated. 

Total. 

Grand 
totals 

Sex 

M. 

F. 

M. 

F. 

M. 

F. 

K. 

F. 

M. 

F. 

K. 

F. 

M. 

F. 

M. 

F. 

32 
32 
38 
19 
34 
33 
33 
40 

year. 

1W4 

1 

1 

33 
4S 

43 
67 
58 
65 
65 
51 

55 

1915 

•  •  •  • 

•  •  •  * 

1 

1 

•  ■  ■  • 

75 

1916 

5 
1 
2 
3 
3 
3 

71 

K17 

1 
3 
2 
4 

•  •  •  • 

1 

1 
1 

1 

— 

1 

76 

jj:n  

92 

i-      ............... 

1 

1 

96 

J   

1 

•    •   V    ■ 

1 

1 

96 

1 -   - 

•  •  •  • 

2 

1 

1 

100 

1 

Total... 

10 

5 

17 

1 

5 

2 

4 

1 

1 

1 

«  ■  «  ■ 

1 

1 

415 

250 

685 

Table  4  shows  the  mcidence  of  leprosy  in  the  two  sexes  and  in  dif- 
ferent age  groups,  the  age  being  that  at  which  they  entered  segrega- 
tion. The  incidence,  according  to  sex,  has  continued,  as  in  previous 
years,  at  nearly  2  males  to  1  female,  though  the  year  1921  shows 
almost  equal  distribution  between  the  sexes.  In  the  age  groups  the 
females  are  more  numerous  in  the  age  groups  of  1  to  5  and  6  to  10 
years,  while  in  McCoy's  paper  the  males  predominated  in  the  latter 
group.  One  does  not  usually  think  of  leprosy  as  a  disease  of  child- 
hood or  adolescence,  but  Table  3  shows  that,  for  the  period  1914  to 
1921, 40  per  cent  of  the  lepers  in  Hawaii  entered  segr^ation  before 
they  reached  21  years  of  age,  another  36  per  cent  entered  between 
the  ages  of  21  and  36,  leaving  24  per  cent  for  what  is  usually  consid- 
ered as  the  last  half  of  the  allotted  ^*  threescore  and  ten  years"  of  life. 

Table  5. — Civil  $taU  of  lepers  erUering  ngregation. 


Year. 

ICanled. 

Single. 

Widow  or 
widower. 

DiToroed. 

Nolnfor- 
matlon. 

ToCaL 

1914 

26 
32 
26 
34 
32 
34 
23 
32 

28 

40 
43 
42 
55 
60 
68 
63 

1 

1 

55 

1915 

2 
2 

75 

1916 

71 

1917 

76 

1918 

4 
3 
5 
5 

1 
1 
1 

99 

1919 

08 

1920 

1 

98 

1921 

100 

Total 

239 

399 

21 

3 

3 

665 

The  civil  state  of  lepers  entering  segregation  in  the  period  1914  to 
1921  is  shown  in  Table  5. 


Table  ^."-Occupation. 


Oooopfttlao. 

1914 

1015 

101ft 

1017 

1 
2 

1 

1 

1018 

1 

1010 

1020 

1021 

ToteL 

Btfber 

1 

CVpflBtff  .....           ...        .....  a   ...  a  ....  .               .       X  a  . 

2 
4 

1 
2 

1 

3 

2 

4 

7 

f9ifiii#fiqr  nod  ttiinftTT 

4 
4 

4 

1 
1 
1 

20 

10 

Ooopv T.,... 

1 

CWdoj 

a 

1 
2 

...... 

1 
1 

1 
1 

1 

****i* 

1 

••••». 

ft 

Kl^rtTkton 

4 

E'luinwr 

1 

2 

P^^OITMimlOTI*.  . ...... .. 

1 

1 
1 
1 

1 

8 

Hnnw  nikf  4lftii7iDaB 

a 

1 

1 

8 

1 

6 

4 

21 

flalMniiaii 

■   i" 
1 

2 

1 

13 

1 

"■'2 

I 

7 

r  OrflDAQ  •••••.■*•.••••••••.••*••.••••.••••.. 

4 

OftlttaMT 

a 

H^natMrrant 

1 
12 

3 

8 
3 

1 

""Y 

1 
10 

4 

1 

1 

18 

1 

1 
20 

1 

■*25" 
...... 

7 

Hfnftvriff)                    u  . 

14 

1 

2 

08 

12 

Tvittor  and  Mxton 

1 

3 

Jockey 

1 

1ft 
2 

12 

24 

21 

25 

18 

160 

T^ftoadnr  irorkflr 

8 

2 
1 

1 

? 

1 
1 

1 
1 

7 

4 

Mminff  Dktnrt  oiMntor 

1 

p»intt5."r^!.™!r....;.......:.:::!:;;; 

1 

1 
1 

3 

Prizitcr 

1 

p^trmMB 



1 

•••j- 

1 

3 

••■■j- 

V.V.V. """ 

■'2 

1 
15 

7 

AmBum  .   

2 
12 

2 
13 

1 

14 

1 
16 

7 



11 

7 

1 

ft 

1 

OS 

NiMien 

2 

1 

...... 

...... 

"'i' 



2 

Tmdbtet,.. 

) 

1 

...... 

1 
27 

1 
24 

a 

No  obcopAtioii,  or  none  {Iyod 

3 

1ft 

16 

8 
76 

87 

30 

100 

Total 

65 

76 

71 

02 

08 

08 

100 

ftftft 

Table  6  shows  the  occupation  of  lepers  at  the  time  they  entered 
segr^ation. 

Table  7. — Association  with  lepers  before  segregation. 


mi. 

W16. 
1817. 
WIS. 

\m. 

1921. 


-  3 

■  4 

.'  3 

.  3 

.  8 

.111 


4 
2 
6 
4 
6 
5 
8 


Total. 


30 


f" 


1 
2 
6 
1 
4 
3 
8 

10 


1 


7 
14 
12 

4 
13 
26 
1ft 


1     18 


3   110 


f 

d 
(. 


g 
^    > 


1 
1 
1 
1 
1 

i" 

6 


2     1 

6 

2 

6;... 

12  >  1 


U 

14 

3 


1 
2 

1 


13  65  I  ft 


I 

n 


II 

Is 


2 
2 
1 


1 
2 
3 
2 
6 
4 
6 
5 


7 
10 
2 
3 
2 

•  >  • 

1 
1 


4      7  pS  >20 


I 


36 
31 
42 
42 
40 
3.5 
30 
46 


i 


66 
76 
71 


Number  of  lepers  in  the 
family. 


46 
62 
61 


76     61 
02  '  71 


08 

08 

100 


60 
60 
62 


6 
17 
13 
13 
14 
27 
26 
26 


7  310  :6ft5  ,471 


142 


3 
4 

6 
2 
6 
7 
3 
0 


30 


a 

1 


11 


8 


Table  7  shows  the  acknowledged  association  with  other  lepers  of 
those  entering  segregation.  It  is  probable  that  some  have  been  placed 
in  the  ^'No  association"  column  because  the  patient  has  been  ignorant 
of  any  association  which  may  have  occurred.  Others  have  probably 
denied,  or  neglected  to  state,  any  association  in  order  that  relatives 
or  friends  might  not  be  apprehended.    Though  the  information  is 


not  as  complete,  nor  as  reliable  as  might  be  desired,  it  does  show 
that  in  a  rather  large  per  cent  of  the  cases  the  disease  has  been 
present  in  relatives  or  intimate  associates.  The  totals  in  Table  7  do 
not  necessarily  represent  the  number  of  relatives  suffering  from 
leprosy,  as  some  have  two  or  more  brothers  or  sisters  who  are  lepers. 
The  total  in  Table  7  shows  that  110  lepers  acknowledge  that  a  brother 
or  sister  has  suffered  from  leprosy.  In  some  instances  several 
brothers  or  sisters  have  been  lepers. 

A  tabulation  has  been  made  of  the  total  number  of  relatives 
afficted  which  shows  the  following  number,  representing  plural  cases 
in  the  families:  Brothers  and  sisters,  70;  sons  or  daughters,  3;  uncles 
or  aunts,  31;  nephews  or  nieces,  1.  By  adding  these  figures  to  the 
totals  in  Table  7  the  total  number  of  relatives  afflicted  may  be  ob- 
tained. 

In  that  portion  of  Table  7  giving  the  nmnber  of  cases  in  a  family, 
a  ' 'family''  has  arbitrarily  been  limited  to  include  the  classes  of 
father,  mother,  brother  or  sister,  son  or  daughter,  husband  or  wife. 
This  may  not  include  all  cases  actually  domiciled  under  one  roof, 
and,  on  the  other  hand,  may  include  some  who  are  not  so  domiciled. 
In  six  patients,  admitted  to  segregation  in  the  period  imder  con- 
sideration, both  parents  were  lepers.  This  statement  should  not  be 
construed  as  showing  heredity  or  infection  at  birth,  as  all  but  one  of 
these  children  lived  with  the  parents,  or  leprous  relatives,  for  varioxis 
periods  prior  to  development  of  the  disease.  One  case,  reported  by 
McCoy  and  Goodhue  (Pub.  Health  Bull.  No.  75,  Jan.,  1916)  was  bom 
in  the  Molokai  settlement  and  cared  for  in  the  settlement  nursery 
by  clean  nurses  imtil  the  disease  was  diagnosed. 

As  all  lepers  that  enter  segregation  receive  treatment,  the  begin- 
ning of  segregation  is  practically  the  beginning  of  the  treatment  of 
their  disease.  The  duration  of  the  disease  before  treatment  is 
begxm  is  a  matter  of  great  importance,  from  the  viewpoint  of  both 
the  health  authorities  and  the  patient  himself.  That  a  patient 
who  has  shown  the  disease,  or  signs  of  active  leprosy  for  several 
years,  and  during  this  time  has  lived  in  close  association  with  his 
family  and  mingled  with  others  in  the  commimity,  has  probably 
passed  his  disease  on  to  a  greater  number  of  healtjiy  persons  than 
one  who  has  shown  signs  of  leprosy  for  only  a  few  weeks,  will  be 
conceded  by  all  who  beUeve  that  the  disease  is  transmissible  from 
person  to  person.  Though  it  is  quite  generally  considered  that  the 
contagion  of  leprosy  is  comparatively  slight,  nevertheless  the 
chronicity  of  the  disease  causes  the  period  of  contagion  to  be  pro- 
longed over  a  much  longer  time  than  is  appUcable  to  most  of  the 
infectious  diseases.  Upon  the  early  diagnosis  and  prompt  segrega- 
tion of  the  cases  of  leprosy  depends  the  eflBciency  of  segregation. 
In  the  past  passive  resistance  to  the  law  of  segregation — that  is, 
the  practice  of  remaining  outside  of  segregation  as  long  as  possibl< 


ha8  done  mach  to  reduce  the  power  of  the  law  of  segregation  m  the 
preventiQii  of  the  disease. 

Leprosy  is  usually  so  insidious  in  its  onset,  and  brings  to  the 
paUent  so  little  illness  or  inconvenience  in  its  early  stages,  that 
many  may  have  had  slight  evidence  of  the  disease  for  some  time 
before  they  are  aware  of  the  true  nature  of  their  trouble. 

Smce  the  introduction  of  the  treatment  of  leprosy  by  chaulmoogra 
o3,  and  its  derivatives,  by  intramuscular  or  intravenous  injection, 
it  has  been  the  experience  of  most  of  those  using  these  remedies  that 
the  early  cases  yield  to  treatment  more  rapidly  than  those  of  long 
standing.  It  is  therefore  of  greater  importance  to  the  patient 
himself  than  to  anyone  else  that  he  begin  active  and  vigorous  treat- 
ment as  soon  as  he  sees  any  evidence  of  the  disease. 

The  following  case  is  reported  illustrating  the  result  of  early 
treatment.  On  August  1,  1921,  a  girl,  7  years  of  age,  was  brought 
to  Ealihi  Hospital  by  her  father,  a  leper  who  had  formerly  been 
under  treatment  at  the  hospital  and  was  dischai^ed  on  parole  in 
March,  1921.  He  was  convinced  that  treatment  could  alleviate 
and  control  the  disease.  He  discovered  nodules  on  the  child's  ear 
on  the  morning  of  August  1  and  at  1  p.  m.  brought  the  child  to  the 
hospital.  Bacteriological  examination  showed  the  presence  of 
B.  leprae  in  the  nodules.  The  child  was  placed  upon  treatment  at 
once  and  six  weeks  later  the  nodules  had  disappeared;  at  this  time 
bacteriological  examination  was  negative  and  has  remained  so. 
The  child  is  still  (August,  1922)  under  treatment,  but  gives  every 
promise  of  being  freed  of  her  affliction. 

When  it  becomes  generally  known  among  the  classes  in  Hawaii 
that  furnish  the  greatest  niunber  of  lepers  that  early  treatment 
gives  a  better  outlook  for  recovery,  and  as  a  consequence  the  patients 
seek  the  treatment,  instead  of  being  driven  to  it  by  an  officer  of 
the  law  or  by  the  advance  of  the  disease,  it  may  be  predicted  that  a 
reduction  in  the  incidence  of  leprosy  greater  than  ever  seen  in  these 
islands  will  become  evident. 

Tablb  8. — Duration  of  diseate  before  entering  iegregaiion. 
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Table  11  is  modeled  after  a  similar  table  in  McCoy's  paper  and 
gives  a  fair  indication  of  the  relative  frequency  of  the  first  signs  or 
symptoms  noted.  Without  doubt  there  is  a  large  source  of  error  in 
this  table,  as  the  data  are  taken  from  the  statements  of  the  pati^its 
or  relatives  at  the  time  of  official  examination.  Furthermore,  the 
tabulation  is  made  from  the  case  records  and  it  is  frequently  difficult 
to  determine  accurately  in  which  class  the  entrj^  should  be  made. 
For  instance,  a  record  shows  the  case  is  the  mixed  type  of  leprosy, 
the  first  signs  being  recorded  as  ''swelling  of  the  face.''  Unices 
the  compiler  has  seen  the  patient  (and  in  most  cases  he  has  not)  it 
is  extremely  difficult  to  determine  whether  this  should  be  classed 
under  "swelling  of  different  parts"  or  under  "nodules  or  thickening." 

It  is  probable  that  many  lepers  do  not  recognize  the  very  earliest 
symptoms  or  signs,  and  consequently  give,  as.  tiieir  first  manifesta- 
tions, some  change  that  really  belongs  to  a  later  stage  of  the  disease. 

Table  12. — Type  of  lepray  iegregated. 


Year. 

AnsBsthetic. 

Nodular. 

Mixed. 

Notgiyen. 

TotaL 

1914 

5 
20 
10 

9 
19 
25 
19 
3d 

87 
44 

48 
58 
57 
52 
43 
43 

9 
10 
7 
2 
15 
21 
34 
21 

0 
2 
0 

tf 

1913 

75 

191© 

71 

1917 

79 

1918 

0 

1919 

96 

1920 

98 

1921 

100 

Total 

143 

382 

119 

21 

865 

Table  12  shows  the  type  of  the  disease  as  given  in  the  case  records 
for  the  different  years.  It  is  seen  that  the  majority  have  been  classed 
as  nodular,  though  in  the  latter  years  there  is  an  increase  in  the 
number  of  anaesthetic  and  mixed  cases.  It  is  believed  that  many 
cases,  which  should  have  been  classed  as  mixed,  have  been  classed 
as  nodular,  largely  because  a  nodular  or  infiltrated  area  is  snipped, 
and  B.  leprae  found  therein,  and  the  examination  terminated  tiiere. 
This  belief  is  further  supported  by  reading  the  case  histories,  which 
almost  invariably  describe  in  detail  lesions  on  the  face  and  upper 
extremities,  and  neglect,  or  describe  very  briefly,  the  lower  extrem- 
ities. It  has  been  my  experience  that  aneesthetic  patches  will  be 
foimd  more  often  on  the  legs  and  feet  than  in  other  portions  of  the 
body.  There  is  also  a  tendency  to  class  as  nodular  all  cases  in 
which  the  bacillus  is  found  in  the  tissues,  though  the  finding  of  the 
bacillus  does  not  necessarily  exclude  the  nerve  type. 

On  the  other  hand,  there  is  a  tendency  to  class  as  anaesthetic 
all  held  as  lepers  in  whom  the  bacillus  can  not  be  demonstrated.  As 
a  matter  of  fact,  a  large  number  are  mixed  cases,  only  a  few  early 
cases  remaining  purely  nodular  in  type,  while  some  early  and  some 
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long  standing  cases  are  purely  nerve  type.  One  exceptional  case 
now  in  segr^ation  gives  a  history  of  having  had  the  disease  14  years 
and  seems  to  be  a  purely  nodular  case. 

The  expense  to  tJie  Territory  resulting  from  thd  segregation,  care, 
and  treatment  of  lepers  and  their  children  continues  extremely 
heavy*  AH  lepers  in  the  Molokai  settlement  that  desire  treatment 
by  the  ethyl  esters  of  chaulmoogra  oil  receive  it.  All  lepers  in  segre- 
gation, both  at  Molokai  settlement  and  Kalihi  Hospital,  are  sub- 
sisted, housed,  given  medical  attention,  some  means  of  entertain- 
ment, and  an  allowance  of  funds  to  purchase  clothing  or  other  neces- 
sities. The  children  bom  of  leprous  parents  in  segregation  are  cared 
for  from  birth  by  non  leprous  nurses  in  two  homes, ,  one  for  girls 
and  one  for  boys. 

The  following  table  shows  the  amount  spent  in  each  fiscal  year 
from  1913  to  I92I: 

Table  13. — Expense  of  maintenance  and  treatment  of  lepers. 


Yeu. 

Amount 
sjpeot. 

Namber 
of  lepers. 

Per  capita 
cost. 

Year 

Amount 
spent. 

Ntmiber 
of  lepers. 

Per  capita 
cost. 

IftU 

3215,66120 
216,578.24 
184,102.93 
184,353.12 
170,36a  34 

707 
780 
756 
748 
727 

|27a60 
277.66 
243.64 
246.46 

248.11 

1018 

1227,184.00 
250,00160 
280,751.58 
240,687.20 

728 
762 
763 
777 

$312.07 

Uli. 

loio 

328.00 

?^ 

1020 

370.77 

liM 

1021 

321.35 

mi 

The  legislature  that  convened  in  1921  appropriated  for  the  care 
and  treatment  of  lepers  and  their  children  the  sum  of  $576^680.15 
for  the  two  years  beginning  July  1,  1921. 

In  this  table  the  number  of  lepers  each  year  is  the  total  niunber 
cared  for  during  the  year,  considered  as  present  365  days  in  the  year. 
The  average  daily  census,  of  course,  would  be  lower  and  this  would 
raise  the  per  capita  cost.  However,  these  figures  are  sufficient  to 
show  that  the  leper  in  I{awaii  is  well  cared  for,  probably  better  cared 
for  than  this  unfortimate  class  in  most  parts  of  the  world.  All  the 
expense  indicated  in  this  table  is  borne  by  the  Territory.  In  addi- 
tion to  this  the  United  States  Public  Health  Service  furnishes  medical 
attendance  at  Kalihi  Hospital  and  a  part  of  the  medical  supplies 
used. 
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A  STATISTICAL  REPORT  ON  CASES  OF  LEPROSY 
WHICH  HAVE  LEFT  SEGREGATION  ON  PAROLE. 


The  segregated  lepers  of  Hawaii  are  confined  in  two  compounds, 
the  Ealihi  Hospital,  near  Honolulu,  and  the  Tenritorial  leper  settle- 
ment on  the  island  of  Molokai.  Kalihi  Hospital  was  originally 
known  as  the  Kalihi  receiving  station,  and  persons  declared  lepers 
were  held  there  until  a  sufficient  numher  were  assembled  to  make  a 
transfer  to  the  settlement  on  Molokai.  In  recent  years  it  has  been 
required  that  a  leper  be  held  at  Ealihi  for  treatment  for  a  specified 
time.  In  some  cases  improvement  has  been  so  great  and  the  evidence 
of  active  leprosy  has  remained  absent  for  such  long  periods  that  such 
cases  have  been  allowed  to  leave  s^;regation  under  certain  conditions. 
Likewise  a  smaller  niunber  has  been  paroled  from  the  settlement 
on  Molokai. 

In  1912  the  belief  that  some  lepers  had  improved  to  such  a  degree 
that  they  were  no  longer  dangerous  to  the  public  caused  the  policy 
of  paroling  such  patients  to  be  inagurated. 

Prior  to  1912  a  nimiber  of  cases  had  been  discharged  from  the 
Molokai  settlement,  some  of  these  having  been  admitted  to  segregation 
through  errors  in  diagnosis,  and  others  through  what  seems  to  have 
been  deliberate  misrepresentation  by  the  patient,  in  order  that 
he  might  enjoy  the  benefits  of  Territorial  support  and  comparatively 
easy  life. 

Briefly,  the  procedure  of  paroling  is  as  follows:  The  attending 
physician  in  charge  of  the  case  reports  that  the  patient  is  fit  for 
parole.  The  president  of  the  board  of  healfli  then  appoints  a  board 
of  three  duly  qualified  physicians  who  examine  the  patient  thoroughly 
and  consider  the  history  of  the  case.  If  this  board  of  physicians 
finds  that,  in  the  opinion  of  its  members,  the  patient  may  be  allowed 
to  return  home  without  becoming  a  menace  to  others,  it  recommends 
that  the  patient  be  paroled  subject  to  stated  conditions.  This 
recommendation  goes  to  the  board  of  health  at  its  regular  meeting, 
and  if  approved  by  this  body  the  parole  is  granted. 

The  conditions  of  the  parole  require  the  patient  to  report  to  the 
hospital  physician,  or  some  physician  designated  by  the  board  of 
health,  at  intervals  which  vary  according  to  the  individual  case. 
Most  of  them  are  required  to  report  weekly,  some  monthly,  and 
others  quarterly.    After  one  year  or  more,  if  it  seems  advisable, 
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the  interval  may  be  lengthened  by  the  board  of  health.  The  treat- 
ment of  a  majority  of  paroled  cases  is  continued  when  they  report. 
The  paroled  case,  therefore,  is  in  a  status  not  unlike  that  of  an  out- 
patient, except  that  he  must  be  deemed  not  a  menace  to  the  public 
before  he  may  go  on  paroled  status.  It  is  to  be  expected  that  some 
of  these  cases  will  relapse  and  have  to  be  returned  to  segregation, 
though  every  effort  is  being  made  to  reduce  such  occurrences  to  a 
reasonable  minimum. 

Table  1  shows  that  249  paroles  have  been  granted  to  242  lepers, 
seven  having  been  returned  to  the  hospital  and  paroled  a  second  time, 
after  receiving  treatment  and  remaining  free  of  signs  or  symptoms 
of  active  disease  for  a  reasonable  time.  One  of  these  cases  relapsed 
a  seccmd  time  and  returned  to  the  hospital  in  January,  1922,  but 
this  is  not  included  in  the  table. 

Tablb  1. — Showing  number  ofocuet  paroled  and  aubeequent  hdstory. 


Number 
paroled. 

Number 
relapsed. 

Died  on 
parole. 

Disap- 
peared. 

Released 
from  parole. 

On  parole 
Jaa.1,1922. 

Year. 

1 

1 

• 

• 

1 

• 

1 

0 
0 
1 
2 
1 
0 
0 
4 
1 
0 

Molokai. 

OOMOOOOOOO 

• 

3 

0 
0 
0 
0 
0 
0 

1 
1 
1 

0 

1 

0 

1 

1 
ft 

0 

1 

0 
2 
0 
0 

» 

• 

-a 

1 

6 
2 
3 

• 

2 

1 

m2 

6          0 
5           4 

1 

0 

12 

13 

0 

»1 

4 

2 

6 

0 
0 
0 
3 
0 
13 
0 
1 
4 
0 

0 

n 

0 

Ifl3 

2         n 

4 

1914 

4 

7 

8 

5 

10 

44 

30 

70 

1 
14 

0 
12 

2 
12 
15 

0 

0 
0 
2 
1 
2 
2 
0 
0 

0 
0 
0 
0 

1 
0 
0 
0 

1 

ma 

4  1        11 

ittt 

3  '         0 

mt 

4 ;      10 

Mtt 

8  1         1 

1919 

34            0 

1930 

27 
54 

11 

I9n 

0 

Total 

189 

60 

20 

11 

0 

2 

3 

10 

9 

1 

1S6 

47 

Qrand  total 

240 

31 

11 

13 

m 

202 

1  SeroQ  patfeots  (4  Kalihi,  3  Molokai)  relapsed  and  subsequently  reoeiYed  a  second  parole,  thereby 
iDiklnf  total  number  of  persons  paroled  242  and  total  on  parole  Jan.  1, 1922, 195.  The  3  paroled  from 
Xtfokai  reoeiTed  their  seoond  parole  from  Kalihi.  The  sxrall  figures  preoeding  an  entry  indicate  the 
aoBiber  In  that  entry  irho  have  received  a  second  parole. 

Eleven  died  while  on  parole,  as  far  as  can  be  determined,  of  diseases 
other  than  leprosy.  Thirteen  disappeared;  two  Orientals  returned 
to  the  Orient;  the  others  may  have  left  the  Territory,  or  may  have 
died,  most  of  them  being  old  long-standing  cases  paroled  from  Molo- 
kai. Ten  have  been  released  from  parole  and  are  no  longer  under 
surveillance  of  the  board  of  health  or  its  agents.  To  obtain  this 
release  it  is  necessary  for  the  patient  to  undergo  a  final  examination 
by  a  board  of  three  physicians  and  be  reconmiended  for  release.  At 
present  the  patient  is  kept  on  the  paroled  status  at  least  four  yearsy 
after  which  the  patient  may  make  application  for  release.  Some 
releases  have  been  made  after  a  shorter  time  on  parole  on  account 
of  special  circumstances  connected  with  the  case.   One  of  the  released 
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patients  is  known  to  have  died  since  being  released,  and  I  have  be^i 
infonned  by  a  former  officer  of  this  station  that  he  found  no  evidence 
of  active  leprosy  in  this  case  at  autopsy.  One  case  that  was  released 
from  parole  subsequently  relapsed  and  is  now  under  treatment  in 
segregation. 

Table  2. — Nationality  of  paroled  cans. 


Year. 


1912 

3 

1913 

4 

1914 

4 

1916 

6 

1916 

2 

1917 

1918 

3 

1919 

126 

1920 

*]4 

1921 

41 

Total. 


Cases  pafoled. 


KalihL 


103 


1 
4 
2 

•  •  •  ■ 

9 

8 

U3 


39 


12 
3 
5 
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12 
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■  •  •  *  •  ^  •  < 

6  I    1 


1 
2 


10 


1 
»2 


2 
2 


i 

I 
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1 
1 
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KolokaL 


6 

5 

4 

7 

8 

5 

10 

44 

30 

70 


189 
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14 
0 
9 

4 
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1 
1 
3 
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39  I    6 


2 
1 
2 
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10 
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1 
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1 
14 

0 
12 

2 
12 
15 

0 


2     60 


i 

a 

i 


6 
9 
5 

21 
8 
17 
12 
56 
45 
70 


249 


1  Indicates  cases  paroled  second  time. 

Table  3. — Frequency  of  parole  and  recurrence^  by  nationalities  (191£  to  19fl), 


Nationality. 

Number 
segregated. 

Number 
paroles. 

Percent 
parcded. 

Number  of 
relapses. 

Percent  of 
relapses. 

Fftwfiiiftn 

480 

168 

55 

49 

22 

17 

32 

6 

12 

9 

2 

142 

45 

22 

10 

7 

5 

6 

4 

6 

2 

0 

29.58 
26.79 
•40.00 
20.41 
31.82 
29.41 
18.75 
66.67 
5a  00 
22.22 

aoo 

15 
7 
2 
0 
1 
2 
3 
1 
0 
0 
0 

ia57 

Part  Hawaiian 

15.55 

Portuguese 

4.55 

Japanese 

aoo 

Ct^ese ..v........... 

14.30 

Korean 

4a  00 

Filipino 

5a  00 

American 

35.00 

European  other  than  Portuguese 

aoo 

P(»toRican 

aoo 

Other  P«<Hflc  Islanders . 

aoo 

Total. 

852 

249 

29.23 

31 

12.90 

Table  4. — Percentage  of  total  admisinonSf  paroles^  and  relapses  contributed  by  «ac/i 

nationality. 


NaUonality. 


Hawaiian 

Part  Hawaiian 

Portuguese 

Japanese. 

Chinese 

Korean 

FiUpino 

American 

European 

Porto  Rlcan 

Oth&  Pacific  islanders 

Total 


h 


dmiasions. 


Paroles. 


56.34 

57.44 

19.72 

IS.  18 

6.45 

8.68 

5.76 

4.13 

2.58 

2.90 

2.00 

1.65 

3.76 

2.48 

a  70 

1.24 

1.40 

2.48 

1.06 

a83 

a  23 

aoo 

99.99 


100.01 


Relapses. 


48.39 

22.58 

6.45 

aoo 

3.42 
a45 
0.68 
3.22 

aoo 
aoo 
aoo 


ioai9 
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Table  2  shows  the  nationality  of  the  paroled  cases.  Comparing 
the  paroled  cases  with  the  number  of  lepers  of  each  nationality 
entering  segregation  during  the  same  period,  we  find  that  the  paroles 
hare  been  distributed  quite  proportionately  among  the  different 
nationalities  (Tables  3  and  4).  The  Chinese,  Portuguese,  American, 
and  Europeans  have  a  slightly  higher  percentage  of  paroles  than  the 
other  nationalities.  However,  the  relatively  small  number  of  individ- 
uals in  each  group  makes  the  percentages  of  little  significance. 

Approximately  30  per  cent  of  those  entering  segregation  have  been 
paroled.  In  the  past  three  years  the  frequency  of  parole  has  been 
considerably  greater.  The  nmnber  of  recurrences  would  indicate 
tliat  some  that  were  paroled  should  have  been  held  under  observation 
for  a  longer  period.  It  will  be  noted  that  no  Japanese  have  yet 
rehq>sed.  This  may  be  due  to  the  return  to  Japan  of  any  Japanese 
pasoled  patient  as  soon  as  he  observed  evidence  of  relapse.      • 

Table  5. — Sex  and  age  (at  erUranee  to  segregation)  of  paroled  lepen. 


Agiepoup. 

lto5 
years. 

«tolO 
years. 

11  to  15 
years. 

15  to  20 
years. 

31  to  25 
years. 

25  to  30 
years. 

aito35 
years. 

36  to  40 
years. 

41  to  45 
years. 

8fr 

M. 

F. 

M. 

F. 

3 

F. 

•  •  •  • 

M. 

1 
2 
1 

1 

•  •  •  « 

F. 

M. 

F. 

U. 

F. 
1 

K. 

F. 

If. 

F. 

M. 

F. 

1812 

itu 

1 
1 

•  •  •  • 

1 

3 

3 

1914. 

1 

1 

1 
1 

1 

MS 

3 
1 
3 
2 

2 
3 

>8 

1 

1 
2 

4 
9 

3 

1 

2 

1 
1 

2 

•  •  •  • 

1 

1 

IfU 

3 

1 
1 
2 

1 

4 

M7 

1 

1 

m ...::.. 

1 

3 

2 

»11 

1 

>7 

7 

7 

2 
3 

1 

MS 

1 

2 
2 
2 

2 
6 
2 

'  7 
5 
2 

1 
2 
3 

7 
3 
5 

•  •  •  ■ 

•  •  •  • 

«7 

•  •  •  * 

5 
2 
4 

1 

1 
1 

nao 

2 

m 

1 

Total 

1 

1 

9 

10 

35 

20 

22 

26 

19 

11 

14 

17 

10 

12 

3 

9 

2 

Afe  group. 

46  to  50 
years. 

51  to  55 
years. 

56  to  60 

years. 

61  to  65 

years. 

71  to  75 
years. 

Noln- 
fonna- 

tfOD. 

Total. 

Qraod 
total. 

Sol 

M. 

F. 

M. 

1 

F. 

U. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

M. 

F. 

ma 

5 

7 

4 

13 

6 

10 

8 

30 

19 

41 

1 
2 
1 
8 
2 
7 
4 

25 
26 
20 

0 

wa 



9 

WW 

5 

ms 

1 
1 

1 

1 

1 

2 

""!*"■ 

21 

Bl« 

1 

8 

1«7 

1 
1 

1 

1 
U 

1 

****r**' 

1 

2 

17 

»u 

1 

2 

12 

X919 

1 

1 

12 

■*o" 

1 

2 

•  •  •  • 

56 

I«» 

....t 

2 

45 

1«1 

•  •  •  • 

1 

70 

Total 

7 

3 

4 

3 

5 

Q 

1 

1 

•  •  •  « 

3 

4 

142 

107 

249 

"• 

Small  figure  appearing  before  an  entry  indicates  the  number  of  cases  in  that  entry  who  have  recelTed 
•  sNODd  parole. 

Table  5  shows  the  sex  and  age  (at  entrance  into  segregation)  of 
those  who  have  been  paroled.  The  paroles  have  been  relatively 
more  frequent  in  the  female  sex  (136  male,  106  female)  while  the 
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incidence  of  the  disease  by  sex  for  the  same  period  was  523  males 
and  329  females.  Excluding  the  second  paroles  granted  to  a  few 
patients  who  have  returned  to  segregation  and  progressed  to  a  point 
warranting  a  second  parole,  a  comparison  of  the  parolee  and  admis* 
sions  by  age  groups  is  made  in  Table  6 : 

Table  6. — Perantage  qf  ca$es  ugr^gcUed  and  paroUd,  191 1  to  IBtl^  by  ag*  grougn. 


Age  group. 


I  to  5  years.. 
6  to  10  yean. 

II  to  15  years 
16  to  20  years 

21  to  25  years 
25  to  ao  years 
31  to  35  years 
36  to  40  years 
41  to  45  years 
46  to  50  years 
51  to  55  years 
56  to  60  years 
61  to  65  years 
66  to  70  years 
71  to  76  y«r8 
76  to  80  years 
81  to  85  years 
Not  stated... 

Total.. 


Number 
segregated. 


3 

40 

146 

155 

138 

96 

63 

55 

45 

36 

21 

23 

11 

7 

2 

2 

1 

2 


852 


Percent 

oftoua 

segregated. 


0.35 

&39 

17.14 

18. 10 

16.20 

11.27 

7.39 

6.57 

5.28 

4.20 

2.46 

2.60 

1.29 

.82 

.23 

.23 

.12 

.23 


10a05 


Number 
paroled. 


2 
10 
44 

46 

30 

31 

13 

15 

11 

9 

6 

4 

3 


Percent 
of  total 
paroled. 


.82 

7.85 

18L18 

10.01 

12.40 

13.81 

5.37 

6b  20 

4.95 

3.72 

2.48 

1.63 

L24 


.83 


190 


242 


99.99 


Peretnt 

poratad 

In  gnnp. 


60L«7 
4L09 
SdU 
29. « 
2L7« 
3139 
»L«I 
37.27 
2LU 
25.00 
2&57 
17.10 
27.27 


100.  on 


70 


28.42 


Table  6  shows  that  the  percentage  of  parole  has  been  highest  in 
the  yoimgest  age  group  and  gradually  lessens  until  the  26  to  30 
years  group  is  reached.  This  group  shows  a  sudden  rise  and  subse- 
quent groups  show  a  slight  rise,  probably  due  to  the  smaller  number 
under  consideration.  In  general,  the  comparison  would  seem  to 
warrant  the  deduction  that  the  younger  lepers  hare  a  slightly  more 
favorable  outlook  than  the  older  ones.  The  discrepancy  in  the 
''not  stated"  group  is  due  to  a  number  in  this  group  paroled  from 
Molokai  who  were  of  long  residence  there,  and  their  records  are 
defective.  It  may  be  stated  here  that  34  of  the  cases  paroled  were 
segregated  prior  to  January  1,  1912,  and  208  since  that  date. 

Table  7. — Civil  state  of  paroled  eases. 


Year. 

Married. 

Single. 

Widow  or 
Widower. 

Divorced. 

Noinfor* 
station. 

TotaL 

1912 

2 
3 
3 
15 
3 
6 
7 

26 
17 
13 

4 

6 

2 

6 

4 

8 

4 

27 

25 

50 

6 

1913 

0 

1914 

5 

1915 

21 

1916 

1 

8 

1917 

3 

17 

1918 

11 

1010 

1 
1 
1 

1 
2 

55 

1920 

45 

1021 

1 

65 

Total 

OS 

136 

4 

1 

6 

Ui 

17 

Table  7  shows  the  civil  state  at  time  of  segregation  of  those  who 
hare  been  paroled.  Compared  with  the  figures  showing  the  civil 
status  of  those  segregated  during  this  period,  it  is  seen  that  civil 
status  has  no  appreciable  influence  on  the  frequency  of  parole. 

Table  8. — Otcupi^ion  of  paroled  easee  at  twM  of  segregation. 


Oeeupttloii. 

1913 

i9ia 

1014 

1915 

1016 

1917 

1918 

1919 

1930 

1921 
1 

Total 

Briektenr 

^ 

^VpmtW...                     XXX                                             X.                X 

1 

1 
1 

1 

1 

4 
3 
2 

1 

nMoftHir  and  ImzDstor 

2 

S 

1 

C3sti  tod  storekeeper 

Sietridui ' 

1 

1 
1 
1 

...... 

1 
1 

...... 

ftraflf. 

1 

1 

3 

rui^fi^nieQ  mm  •■•«•■••••*•*•••••••• 

fvmnuk  .V^..\\]]]]].]]\V....\V. 

1 

1 
1 

1 

owtoner..... .:.......::::....... 

H4im  nrrtoi 

1 

2 

...... 

"l 
3 

1 
6 
3 

1 
1 
8 

1 

HoQwvife ', 

1 



2 

3 

10 

1 

11 

30 

lavateoflodtistiiUSchoiid 

Jtotlor  tad  sexton. 

1 

' 

Joetey '..r.l.I.I^l 

1 

lAbanr 

1 

2    

2 
1 

2 

9 

5 
1 

29 

V<Ktrinlfft 

llorlQg'^rfctnre  opeimtor 

1 

1 

P'^^'vrnftrd . . .  '. 

1 
1 

RaUned  employet 

1 

2 

1 

...... 

1 

1 

11 



!Wdi» 

1 

1 

1 

^tarMkct 

acodeot 

1 

*  ! 

2 

1 

4 

2 

1 

4 

6 

31 

TeKfaer 

' 

I'cfephfloe  operator 

1 

[ 

1 
15 

Xooe  stated 

4 

3 

1 

*  io' 

2 

5 

17 

23 

80 

Total 

6 

», 

5 

21 

8 

17 

11 

55 

45 

05 

242 

Table  8  shows  the  occupation  of  the  paroled  cases.  In  most  of 
these  occupations  the  total  number  is  insufficient  to  warrant  any  de- 
ductions by  comparing  them  with  the  occupation  of  all  admitted  dur- 
ing the  same  period.  It  is  noted,  however,  that  laborers  constituted 
24  per  cent  of  the  admissions  from  1914  to  1921,  while  they  furnished 
but  approximately  12  per  cent  of  the  paroled  cases.  Similar  figures 
for  housewives  are  14.75  and  16;  for  students,  14  and  12.8;  no  occu- 
pation, 24  and  33. 

Table  9. — Duration  of  disease  in  paroled  eases  before  entrance  into  segregation. 


Y«arp«roled. 


1912. 
1913. 

mi. 

mi. 

1914. 
1917. 

mi. 

1919. 
1930. 
1931. 


Total. 


1^ 


2 
1 
1 


2 
5 
3 
9 
11 
10 

44 


a 


1 

2 
3 
1 
1 
2 

a 

4 

12 

37 


4 
2 
1 

'*5 

6 

14 

34 


09 

s 


1 
2 
5 
5 
6 

21 


s 

CO 


2 
2 
1 
1 
2 
3 
6 

18 


5 


1 

3 
1 
1 

8 


s 


«0 


1 

'2" 
4 


00 

s 


2 

1 


at 

a 

90 


o 
o 


•a 


3 ;    1 


2 ,. 

"3*. 
2 
1  I 

11 


2 
3 
2 

8 


o 
55 


7 
1 
5 
2 
9 
9 
9 

43 


3 


6 

9 

5 

21 

8 

17 

11 

55 

45 

65 

242 
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Table  9  shows  the  duration  of  the  disease  prior  to  entrance  t<| 
segregation  of  the  paroled  cases. 

Table  10. — Comparing  number  admitted^  paroled^  and  relapHd,  according  to  duration  ol 

disease  before  segregation  (1912  to  1921).  \ 


Duration  of  disease. 


Less  than  1  jrear. 

1  to  2  years 

2to3years 

3to4years 

4  to  5  years 

5  to  6  years 

6  to  7  years 

7  to  8  years 

8to9years 

9  to  10  years 

10  years  and  over 

Alifetime 

No  information.. 

Total 


Number 
admitted. 

Percent 

of  total 

admitted. 

Number 
paroled. 

Percent 
of  total 
paroled. 

Percent 
of  group 
paroled. 

Number 
relapsed. 

246 

28.87 

81 

33.47 

32.93 

7 

133 

15.61 

34 

14.05 

26.56 

5 

92 

10.80 

21 

8.68 

22.82 

2 

74 

8.68 

18 

7.85 

24.33 

3 

37 

4.34 

8 

3.30 

21.63 

2 

36 

4.20 

4 

1.69 

11.11 

2 

29 

3.40 

4 

1.69 

13.79 

0 

12 

1.41 

4 

1.69 

33.33 

2 

11 

1.29 

3 

1.24 

27.27 

1 

4 

.47 

3 

1.24 

75.00 

0 

58 

6.81 

11 

4.54 

19.00 

2 

12 

1.41 

8 

3.30 

66.67 

1 

108 

12.68 

43 

17.76 

39.81 

4 

852 

99.97 

242 

100.50 

28.40 

31 

Peroeat 

ofre- 
cnrrencAJ 
intbose 
iwrtried.i 


Table  10  shows  that  the  frequency  of  parole  is  greater  in  those 
groups  which  have  had  the  disease  for  shorter  periods.  With  the 
exception  of  the  third  year  group  the  frequency  of  parole  decrease^ 
gradually  with  each  year's  duration  of  the  disease  until  the  seventn 
year  group  is  reached,  when  it  rises  sharply.  This  apparent  ris^ 
is  probably  due  to  the  small  nmnber  of  persons  in  this  group,  though 
it  should  also  be  mentioned  that  some  cases  of  long  standing  may 
have  gone  on  to  natural  arrest  of  the  disease  and  then  received  a 
parole.  Fiu*thermore,  some  of  the  cases  of  several  years'  duratioij 
at  entrance  to  segregation  may  be  naturally  arrested  cases  whicW 
were  declared  lepers  on  account  of  contracted  fingers,  or  othei| 
result  of  the  disease,  and  later,  when  foimd  to  be  inactive,  hav 
been  paroled.  This  applies  to  some  of  the  cases  whose  duratio 
has  been  "a  lifetime."  The  niunber  giving  no  information  as 
duration  of  the  disease  should  be  made  up  of  cases  belonging  to  all 
groups,  as  some  of  these  give  no  history  on  account  of  being  too 
young  to  imderstand  what  is  wanted,  inability  to  understand  English, 
or  other  valid  reason.  As  to  reciurences,  it  appears  that  those  com^ 
ing  under  treatment  early  have  a  lower  percentage  of  recurrence^ 
than  do  those  of  longer  duration,  notwithstanding  that  the  greatest 
number  of  recurrences  occurs  in  the  group  that  has  had  the  disease 
less  than  one  year.  On  a  percentage  basis,  those  who  had  the 
disease  less  than  one  year  before  entering  segregation  show  a  lower 
rate  of  recurrence  than  any  other  group,  except  two  groups  whose 
total  paroled  has  been  very  low,  and  in  which  no  recurrence  has  yet 
occurred. 


19 

Here  again  is  evidenoe  that  the  early  recc^nition,  and  treatment 
of  leprosy  i^  the  point  on  which  most  emphasis  shoidd  be  placed. 

Putting  this  in  another  form,  we  find  of  those  having  the  disease 
less  than  1  year,  1  out  of  3  was  paroled;  of  those  having  the  disease 
1  to  2  years,  1  out  of  4  was  paroled;  of  those  having  the  disease  3  to 
4  years,  2  out  of  9  were  paroled;  of  those  having  the  disease  4  to  5 
years,  1  out  of  5  was  paroled;  of  those  having  the  disease  5  to  6 
years,  1  out  of  10  was  paroled. 

It  therefore  seems  apparent  that,  in  the  present  state  of  our 
knowledge  of  leprosy,  we  shall  achieve  best  results  by  bending  our 
energies  toward  bringing  cases  under  treatment  as  early  as  possible. 
From  the  standpoint  of  the  lepers,  nothing  is  to  be  gained  by  waiting 
for  a  positive  diagnosis;  the  delay  may  result  in  losing  everything. 

There  are  numerous  cases  of  l^rosy  now  in  segregation  in  Hawaii 
^0  have  been  officially  examined  one  or  more  times  before  they  were 
held  as  lepers.  It  may  seem  hard  on  a  person  to  inform  him  that 
he  has,  or  probably  has,  leprosy,  but  if  his  signs  and  symptoms 
warrant  the  suspicion  of  the  disease,  we  do  the  patient  the  greatest 
possible  favor  by  informing  him  of  the  fact. 

During  the  past  year  a  girl,  who  had  been  officially  examined  two 
years  before  and  dedared  not  a  leper,  died  of  leprous  fever,  one 
month  after  admission  to  segregation.  She  entered  segregation, 
sick  unto  death,  under  a  diagnosis  of  typhoid  fever,  which  was  not 
confirmed  by  laboratory  test  or  autopsy  findings.  Had  this  girl 
been  placed  imder  treatment  at  her  first  examination,  there  is  every 
reason  to  believe  she  would  have'  responded  favorably  to  treatment. 

The  rise  in  paroles  after  the  6  to  7  year  group  may  be  due  to  the 
small  numbers  in  each  group;  and  also  it  may  be  due  to  the  ''survival 
ci  the  fittest"  of  the  lepers;  that  is,. it  may  be  attributed  to  the  fact 
that  a  few  persons  successfully  combat  and  arrest  the  disease  by 
natural  means,  though  most  of  these  carry  serious  deformities  and 
defects. 


Table  11. — Duration 

of  treatment  (or  $egregation)  of  paroled  cases. 

Year  jMtfoled. 

Lees  than 
emoatbs. 

Duration  in  months. 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 
2 

16 

17 

18 

19 

20 

21 

22 

1 

23124 

1 

1 

WH 

1 

1913 

1 

•  •  • 

1 

1 
1 

*  •  ■ 

2 

1914 

1 

... 

■ 

1 

1915 

4 

1 

2 

•  •  • 

1 

*'i     .      . 

IMA 

1 

1 

1 

1 

1 

1917 

1 

1 

•  •  • 

3 

1 

•  «  • 

4 

2 

1     1 
...    1 

IfU 

2 

2* 
3 

1 

2 

5 

1 
2 

2' 

1 
6 
2 
6 

1 

4 
2 
5 

2 
2 

1 

1919 

1 
2 
2 

4 
1 
5 

5 

•  «  ■ 

3 

1 
2 
3 

•  • . 

3 

2 
5 

1 
2 
3 

1 
4  1 

1989 

2 

1    ... 

1921 

9 

2 

3 

..:.:.\"i 

A 

i 

Total 

9 

n 

n 

A 

5 

11 

9   IS  1 

14 

15 

10 

8 

8 

5  1 

8 

8 

7     4 

4 

1 

20 

Table  11. -—Duration  qf  treatment  (or  tegregatUm)  of  paroled  cotea— ^Sontinued, 


Duration  In  years. 

Year  paroled. 

2i 

^ 

21 

8 

1 

3i 

81 

4 

5 

6 

7 

8 

9 

10 

Over 
10. 

TotaL 

1912 

e 

1813..- 

2 

2 

9 

1914 

1 

,.    1 

i 

1915 

1 

1 

1 

1 

1 

•i 

1 

3 

5 

21 

1916 

1 
1 

g 

1917 

1 

1 
2 
1 

1 

1 

1 

1 

5 

17 

1918 

11 

1919 

1 
1 

4 

1 
1 

1 
2 
1 

•  •  •  • 

8 

2 

1 

2 

•  •  •  * 

1 
1 

1 
1 

2 
6 

5S 

1920 

2 

1 

45 

1921 

65 

Total 

7 

4 

1 

1 

6 

6 

4 

5 

4 

2 

a 

1 

6 

8 

19 

212 

Table  11  shows  the  duration  of  segr^ation  of  those  receiving 
paroles.  The  first  two  years  are  given  in  months,  the  second  two 
years  in  quarters,  and  the  remainder  (up  to  10  years)  in  years.  The 
period  of  segregation  is  practically  equivalent  to  the  period  of 
treatment,  though  some  of  the  long-standing  cases  paroled  from 
Molokai  may  not  have  taken  our  present  form  of  treatment.  The 
longest  period  of  segregation  was  31  years  (1S89  to  1920) ;  the  short- 
est one  day,  one  case  being  paroled  by  the  board  who  declared  him  a 
leper.  Table  11  shows  that  nearly  70  per  cent  of  those  paroled  were 
in  segregation  2  years  or  less,  and  about  8  per  cent  over  10  years. 

Table  12. — Duration  of  eegregation  of  relapsed  cases. 


Duration 
(months). 

Nnmber 
of  cases. 

• 

Duration 
(years). 

Number 
of  cases. 

Duration 

of  second 

period  of 

treatment 

of  those 

paroled 

twice 

(months). 

Number  of 
oases. 

Tieim than 6 Tncmths , ■,,. 

2 

1 
1 
2 

4 
1 

1 
1 
1 
2 
1 

2 

2i 

2 
3 
3 
3 

1 
3 
2 
3 
1 
3 
1 

6 
8 

1 

7  months ..,-,,.,.- 

1 

11  months r .  r .  - 

12  months 

10 
13 
16 
17 

1 

13  mMiths 

1 

1 4  months 

1 

15  months 

1 

17  months 

\H  imOntbS  .......   r   ..,-.,.   r  .   . -       -  ,   -   .  T  .   - 

19  inOnthS  .....   r  .-,,-,  r  .  ^  ,  -  r  -,-,,,--  r  -  .  r 

21  months 

Total 

17 

14 

7 

Table  12  shows  the  duration  of  segregation  of  those  cases  that 
relapsed.  We  naturally  would  expect  to  find  a  large  proportion  of  the 
relapses  in  those  that  were  treated  for  a  short  period;  that  is,  in 
those  we  would  consider  as  insufficiently  treated  cases.  However, 
of  the  168  paroled  cases  treated  less  than  two  years,  17  relapsed,  and  of 
74  cases  treated  two  years  and  over,  14 'relapsed. 
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Tablb  13. — Type  of  disease  in  paroled  cases. 


YMTorparoto. 

Anasthetlc. 

Nodular. 

Mixed. 

Not  stated. 

Total. 

mi 

1 

6 

2 

15 

2 

3 

2 

21 

10 

11 

5 

1 
2 
1 
1 
5 
3 
4 
8 
1 

6 

nu 

2 
1 
2 
1 

9 

mi 

5 

MIS. 

3 

4 

9 

« 

27 

95 

33 

21 

jam 

8 

nr 

17 

ms 

11 

tM9 

3 

1 
20 

66 

it» 

45 

ita 

65 

Total 

73 

106 

30 

31 

242 

The  type  of  the  disease  in  the  paroled  cases  is  shown  in  Table  13. 
Though  the  greatest  number  were  classed  as  nodular  cases,  when 
compared  with  the  type  of  those  admitted  during  the  same  period, 
we  find  that  the  ansBsthetic  type  furnishes  a  relatively  high  propor- 
tion of  the  paroled  cases.  (Nodular  cases  admitted,  382;  paroled, 
108;  anassthetic,  admitted,  143;  paroled,  73;  mixed,  admitted,  119; 
paroled,  30;  not  stated,^  13;  admitted,  21;  paroled,  31.)  It  is  quite 
generally  admitted  that  the  anaesthetic  or  nerve  type  of  leprosy  is 
the  mildest  form  so  far  as  life  and  longevity  are  concerned.  Table 
13  also  shows  that  in  the  earlier  years  no  nodular  cases  were  paroled. 

Tablb  14. — Finding  of  bacilli  at  official  examination  of  paroled  cases. 


Year. 

Positive. 

Negative. 

Notstated. 

Total. 

ms 

1 

3 

2 

7 

6 

7 

10 

36 

31 

54 

5 
5 
3 
11 
2 
5 
1 

17 
12 
10 

6 

inj 

1 

9 

1M4 

6 

IfU 

3 

21 

Ifll 

8 

in? 

5 

17 

19U 

11 

1919 

2 
2 
1 

55 

ll» 

45 

1921 

65 

Total 

157 

71 

14 

242 

Table  14  shows  the  result  of  bacteriological  examination  at  the 
time  of  official  examination,  the  term  '^ official  examination"  being 
applied  to  the  examination  made  when  the  person  is  officially  de- 
clared a  leper  and  placed  in  segr^ation.  As  it  is  required  that  all 
persons  going  on  parole  must  show  no  demonstrable  lepra  bacilli 
upon  examination,  it  naturally  follows  that  those  who  have  always 
been  bacteriologically  negative  have  a  somewhat  greater  probabihty 
of  being  paroled.  However,  a  large  number  of  those  paroled  have 
been  bacteriologically  positive  cases,  and  this  finding  by  no  means 
indicates  that  the  case  will  not  yield  to  treatment. 

'  The  apparent  discrepancy  in  the  "not  stated"  cases  is  due  to  the  fact  that  some  of  theat  paroled 
«uei  v«f  admitted  prior  to  January  1, 1912,  the  beginning  of  the  period  under  consideratioo  in  this 
paper. 
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Table  15  gives  the  distribution  of  the  first  signs  of  the  disease,  and 
it  appears  that  the  lesions  in  the  persons  that  have  been  paroled  have 
been  distributed  approximately  in  the  same  proportion  as  in  those 
admitted  to  segregation,  with  the  single  exception  of  those  giving 
paralysis  (usually  local)  as  the  first  sign.  This  class  of  cases  has  a 
much  greater  proportion  of  paroles.  The  paralyses  are  usually 
relatively  shght,  many  involving  only  the  eyeUds;  others  involve  the 
muscles  of  the  mouth  and  face. 

Table  15. — First  evidence  of  disease  in  paroled  oases. 


Skin  manifestations. 

Nerve  manifestations. 

Noinfor- 
matloo. 

( 

Spots, 
macules, 

leuco- 

denna, 

etc. 

Redness 

and 
itching. 

Nodules 

and 

thiclc- 

ening. 

Swelling 
of  dif- 
ferent 
parts. 

Numb- 
ness of 
different 
parts. 

Contrae- 
tion, 
ulcera- 
tion, and 

fereat 
parts. 

Paralysis. 

Total. 

1012 

2 

2 

1 

2 

1 

4 

2 

17 

13 

17 

3 

1 

1 
1 

e 

1913 

9 
16 

2 

2 

1 
6 
2 
1 

1 
8 

4 
4 

» 

1014. 

1 
2 

1 
1 
2 

5 

1915 

2 
1 
3 
3 

11 
0 

11 

5 

2 
1 
5 
2 

0 
8 
8 

21 

1016. 

S 

1917. 

17 

1018. . 

2 
1 
1 

1 

u 

1019 

3 

2 

1 
5 

55 

1920..       .  . 

45 

1921 

3 

65 

Total.. 

61 

8 

38 

42 

10 

20 

17 

37 

2i3 

Table  16  shows  roughly  the  length  of  time  the  relapsed  cases  were 
on  parole.  That  there  will  be  some  relapses  among  tlie  paroled 
cases  is  to  be  expected.  There  have  been  more  than  was  anticipated^ 
yet  it  is  believed  that  considerable  benefit  has  resulted  from  the 
adoption  of  the  pohcy  of  paroling  apparently  arrested  cases. 

Table  16. — Showing  length  of  time  relapsed  oases  were  on  parole. 


Year. 

1 
Year  of  relapse. 

Year 
paroled. 

Year  of  relapse. 

paroled. 

1016 

1017 

1018 

1010 

1020 

1021 

1016 

1017 

1018 

1010 

1930 

ign 

1012 

1 

1 

1010 

( 

( 

5 

1913 

loao 

1 

6 

1015 

2 

1 
1 
2 

2 

1 

1 

i 

1021 

•••"••!*••••• 

6 

lOtA 

1 

Total.. 

IVAV. ....... 

1017 

2          4 

1 

2             4 

18 

1018 

1 

The  first  cases  paroled  were  few  and  selected  only  after  very  rigid 
examination.  These  were  so  successful  that  others  were  paroled 
later,  and  still  later,  with  the  advent  of  improved  methods  of  treat- 
ment, the  requirements  for  parole  became  less  rigid  and  possibly 
too  lenient.    It  should  be  remembered,  however,  that  the  paroling  of 
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lepers,  so  far  as  concerns  Hawaii,  is  an  almost  revolutionary  departure 
from  the  old  method  of  segregation  for  the  remainder  of  the  victim's 
life. 

The  paroled  cases  have  done  excellent  work  in  teaching  the  classes 
in  which  most  of  the  leprosy  in  Hawaii  is  found  that  the  disease  is 
amenable  to  treatment,  and  that  the  life  in  segregation  is  far  better 
than  the  usually  gloomy  picture  so  often  painted  in  books  and 
magazine  articles.  This  has  caused  a  considerable  number  of 
lq>ers  to  surrender  themselves  and  receive  treatment,  thereby 
removing  dangerous  cases  from  the  community.  Certainly  some 
influence  is  causing  the  Hawaiians  to  change  their  attitude  toward 
segregation,  and  it  is  believed  that  the  paroled  leper  returning  to  his 
borne,  and  there  telling  his  friends  of  the  conditions  in  the  institution 
for  lepers  and  of  the  effect  of  treatment,  is  responsible  in  large  part 
for  this  change  of  opinion. 

Methods  designed  to  subject  all  patients  to  rigid  and  repeated 
Bxamination  before  parole  is  recommended  have  been  inaugurated, 
and  it  is  hoped  that  the  relapses  in  future  paroled  cases  will  be  fewer. 

SUMMABT. 

1.  During  the  10  years  (1912  to  1921  inclusive)  249  paroles  were 
granted  to  242  lepers  in  Hawaii. 

2.  During  this  period  31  suffered  relapse  and  were  returned  to 
segregation;  seven  of  these  later  received  a  second  parole. 

3.  The  nationality  of  the  paroled  cases  indicates  that  the  Cau- 
casian race  (Americans  and  Europeans,  particiilarly  Portuguese) 
bave  responded  best  to  treatment. 

4.  Compared  with  the  number  of  cases  admitted  during  the  same 
period  the  females  have  received  a  greater  proportion  of  paroles  than 
bave  the  males. 

5.  Generally  speaking,  the  younger  age  groups  have  furnished  the 
greater  number  of  paroled  cases. 

6.  The  probability  of  the  arrest  of  the  disease  decreases  in  propor- 
don  to  the  duration  of  the  disease  before  treatment  is  begun  up  to 
about  the  seventh  year  of  the  disease.  Those  surviving  longer  have 
&  slightly  more  favorable  outlook,  probably  due  to  their  excellent 
resistance  which  has  enabled  them  successfully  to  combat  the  disease. 

7.  About  70  per  cent  of  the  paroled  cases  were  in  segregation  2 
fears  or  less,  22  per  cent  2  to  10  years,  and  8  per  cent  over  10  years. 

8.  Approximately  10  per  cent  of  paroled  cases  that  were  in  segre- 
gation less  than  two  years  relapsed;  and  approximately  19  per  cent  of 
paroled  cases  that  were  in  segregation  two  years  or  longer  relapsed . 

9.  Compared  with  admissions,  a  greater  proportion  of  the  paroled 
cases  were  from  those  classed  as  the  anaesthetic  typo  of  the  disease. 
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10.  la  the  242  that  received  parole  the  leprosy  bacillus  had  been 
found  in  157  and  in  14  no  bacteriolc^cal  record  was  made. 

11.  Generally  speaking,  the  cases  showing  signs  or  symptoms  of 
nerve  leprosy  have  furnished  a  relatively  greater  number  of  paroles 
than  those  showing  skin  manifestations. 
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PREFACE. 

Tho  biological  studies  which  are  here  reported  were  made  during 
the  years  1914  and  1915  a3  a  part  of  a  more  comprehensive  study  of 
the  pollution  and  natural  purification  of  the  Ohio  River,  under  the 
direction  of  Surg.  W.  H.  Frost.     The  investigation  comprised: 

1.  A  sanitary  survey  of  the  watershed  with  special  reference  to 
the  sources  and  extent  of  pollution  with  domestic  sewage  and  indus- 
trial wastes,  the  sources  and  quality  of  municipal  water  supplies,  and 
the  prevalence  of  water-borne  infectious  diseases. 

2.  A  hydrometric  study,  carried  out  with  the  cooperation  and 
guidance  of  tho  United  States  Geological  Survey,  designed  to  give 
accurate  information  as  to  the  discharge  of  the  Ohio  at  various  points, 
also  the  velocities  and  corresponding  times  of  flow  between  consecu- 
tive points  of  observation. 

3.  A  detailed  study  of  the  conditions  of  pollution  actually  existing 
in  the  river,  as  shown  by  chemical,  bacteriological,  and  biological 
(plankton)  examination  of  samples  collected  from  fixed  sampling 
stations  at  frequent  intervals  throughout  the  period  of  the  study. 

The  establishment  for  this  study  consisted  of  an  administrative 
office  and  central  laboratory  at  Cincinnati,  Ohio,  with  five  branch 
laboratories  in  operation  during  the  spring  and  summer  of  1914  at 
selected  points  from  Pittsburgh  to  the  mouth  of  the  river.  The  col- 
lection and  examination  of  chemical  and  bacteriological  samples  were 
begun  in  January,  1914,  but  the  biological  survey  was  necessarily  be- 
gun later,  on  August  1,  1914.  From  that  date  until  October  15,  1914, 
biological  samples  were  collected  regularly  from  sampling  stations 
in  the  vicinity  of  each  of  the  five  laboratories,  thus  covering  the  full 
length  of  the  river.  On  October  15  observations  were  discontinued 
except  upon  the  stretch  of  river  from  Cincinnati  to  Louisville.  Within 
this  zone  the  observations  begun  in  August,  1914,  were  continued 
without  interruption  until  August  1,  1915,  thus  extending  over  a  full 
seasonal  cycle. 

Owing  to  interruption  during  and  since  the  World  War,  the  gen- 
eral report  upon  the  study  as  a  whole  is  not  yet  completed.  It 
seems  proper,  however,  to  publish  this  completed  section  dealing 
with  plankton  studies  separately  and  in  advance  of  the  general  re- 
port, for,  although  the  plankton  studies  attain  their  full  significance 
only  when  taken  in  connection  with  other  phases  of  the  investigation, 
they  are  sufficiently  distinct  in  material  and  purpose  to  warrant 
separate  pubUcation. 


A  STUDY  OF  THE  POLLUTION  AND  NATURAL  PURUICATION  OF  THE 
OmO  RIVER.— L  THE  PLANKTON  AND  REUTED  ORGANISMS. 


BIOLOGICAL  INVESTIGATIONS 

ENTIRONAIENT  AS  A  BIOLOGICAL  FACTOR. 

For  every  form  of  life  in  water  there  is  a  kind  of  food,  a  degree  of 
temperature,  a  quality  or  quantity  of  air  or  water,  a  degree  of  light, 
perhaps,  which  is  best  suited  to  the  particular  requirements  of  the 
organism.  In  response  to  such  favorable  environment  the  organism 
thrives.  Any  departure  from  this  optimum  environment  retards  the 
activity  of  the  organism.  Any  radical  change,  such  as  loss  of  food 
supply,  or  sudden  extremes  of  heat  or  cold,  or  exposure  to  a  toxic 
substance  or  to  the  attacks  of  an  enemy,  may  be  utterly  destructive. 
The  environment  may  remain  essentially  the  same  for  Weeks  or 
months,  changing  only  with  the  seasons,  or  with  some  similar  gradual 
adjustment  of  nature,  or  it  may  be  subject  to  continuous  changes  in 
location,  in  depth,  in  rate  of  movement,  in  amount  and  quality  of 
food  available,  in  temperature,  in  amount  of  sunlight,  and  in  presence 
of  enemies  or  of  toxic  substances.  A  large  lake  represents  the  first 
of  these,  stability  of  environment,  while  a  flowing  stream  is  the  fullest 
expression  of  a  condition  of  instability. 

The  plant  and  animal  life  of  a  flowing  stream  is  exposed  to  a  con- 
tinuous fluctuation  of  the  various  factors  constituting  the  environ- 
ment. Not  only  are  these  factors  many  and  varied,  but  the  relative 
potency  of  certain  ones  will  vary  from  time  to  time,  as  the  moving 
water  encoimters  an  endless  succession  of  physical  conformations  of 
channel,  or  experiences  a  varying  chemical  condition  due  to  the  con- 
tinuous transformation  of  matter  derived  from  many  sources,  or  finds 
itself  burdened  with  sewage,  deprived  of  sunlight  by  clouds  or  by 
turbidity,  subjected  to  changes  of  temperature  as  the  seasons  pro- 
gress, or  hampered  in  movement  by  a  covering  of  ice  which  meantime 
reduces  its  supply  of  oxygen.  Continuous  change  is  the  charm  of 
the  moving-picture  panorama  presented  by  a  flowing  stream,  but 
this  same  source  of  pleasure  to  the  nature  lover  becomes  the  vex- 
ing instability  which  tries  the  patience  of  the  scientific  stu'dent. 
"Nothing,"  says  one  writer,  **is  so  constant  about  the  environment 
of  the  flowing  stream  as  its  inconstancy.    Instability  is  the  key  word 

of  the  flu  via  tile  environment." 
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If  the  organism  have  sufficient  powers  of  locomotion,  it  may  select 
a  place,  such  as  a  pool  or  a  riffle,  and  remain  there,  indifferent 
to  the  continuous  movement  of  the  water.  If,  however,  it  be  very 
small,  with  insufficient  power  of  movement  to  resist  the  flow  of  the 
water,  it  goes  wherever  the  water  goes,  and  is  subject  to  all  the 
changes  of  environment  encountered  by  the  parcel  of  water  which 
constitutes  its  home. 

It  is  thus  that  minute  freely  floating  plant  and  animal  life  of  water, 
collectively  termed  the  ''plankton,*'  is  subject  to  all  the  varieties  of 
environment  occasioned  by  the  changing  conditions  as  the  water  pro- 
gresses toward  the  mouth  of  the  river.  These  changing  conditions 
are  physical,  chemical,  and  biological. 

PHYSICAL  FAOTOBS. 

The  ph3rsical  conditions  are  those  which  have  to  do  with  geo- 
graphical positions  and  physical  characteristics  of  the  watershed  and 
stream  channel,  the  turbidity  and  temperature  of  the  water,  and 
access  of  light. 

Topography,  velocity  of  stream  movement,  and  character  of  sur- 
face soil  influence  turbidity  and  determine  time  of  passage.  Geo- 
graphical relation  of  main  and  tributary  streams  and  seasonal 
variation  affect  the  temperature  of  the  environment.  Sudden  and 
disastrous  change  maj^  result  to  the  plankton  from  seasonal  or  tribu- 
tary influence. 

The  relation  of  volume  of  water  to  amount  of  bottom  area  and 
surface  exposure,  and  the  presence  of  bars,  islands,  bowlders,  dams, 
shallow  riffles,  and  deep  pools  affect  aeration,  access  of  light,  tem- 
perature, and,  it  may  be,  freedom  from  a  near-septic  condition  on  the 
bottom. 

Temperature  affects  many  plankton  organisms  profoundly.  Usu- 
ally the  advent  of  cold  weather  results  in  large  decrease  in  number. 
However,  there  are  certains  kinds  that  thrive  best  during  the  cooler 
weather  of  fall  or  spring.  Comparatively  few  forms  flourish  during 
the  degree  of  cold  prevalent  in  our  northern  rivers.  Kofoid  (1903) 
found  that  when  the  temperature  of  the  Illinois  River  fell  to  45®  F. 
there  was  a  decrease  of  over  90  per  cent  in  the  total  plankton  yield. 

CHEMICAL  FACTORS. 

The  chemical  condition  of  water  becomes  a  factor  in  the  biological 
life  owing  to  the  fact  that  all  aquatic  organisms,  both  plant  and 
animal,  require  more  or  less  oxygen;  most  aquatic  plants  require 
carbon  dioxide;  and  the  simpler  organisms,  both  plant  and  animal, 
utilize  to  some  extent  certain  dissolved  salts  and  organic  substances. 
These  beginnings  of  life  form  the  connecting  link  between  the  die- 


solved  materials  in  the  water  and  the  larger  organisms  which  in  turn 
prey  upon  the  smaller  forms  to  a  great  extent. 

Dissolved  salts  and  organic  matter  are  always  present,  although  in 
varying  amounts,  in  a  stream.  They  are  derived  from  natural  dram- 
age  of  the  land  and  from  the  industrial  wastes  and  sewage  of  cities. 
The  processes  of  decay  and  bacterial  activity  release  soluble  nitrogen 
compounds  and  carbon  dioxide  to  the  water.  The  metabolism  of 
certain  organisms  results  in  waste  products  which  are  food  for  others. 

BIOLOGICAL  FACTORS. 

There  are,  furthermore,  numerous  interrelationships  existing  among 
the  organisms  themselves,  constituting  the  biological  environment. 
Tliese  biological  relationships  are  concerned  almost  entirely  with 
the  matter  of  food,  and  are  therefore  reducible,  in  the  final  analysis, 
to  terms  of  properly  related  physical  and  chemical  environment • 
Organisms  whose  life  processes  are  holophytic  (plantlike)  are  able  to 
elaborate  food  from  dissolved  inorganic  materials  by  the  aid  of  sun- 
light. The  plant  body  thus  nourished,  however,  becomes  a  prey  to 
various  minute  animals,  some  of  which  are  in  turn  devoured  by 
larger  predaceous  forms.  Other  animals  are  scavengers,  and  find 
most  of  their  food  in  particles  of  suspended  organic  matter  and  in 
the  disintegrating  remains  of  plants  or  of  other  animals.  Various 
"chains  of  food  relations"  (Kofoid,  1903)  are  thus  established,  some 
being  short  and  simple,  while  others  are  surprisingly  long  and  complex, 
interlinked  with  many  other  food  chains.  Most  of  these  chains 
finally  end  in  the  larger  forms  of  aquatic  life,  especially  fish,  these  in 
turn  becoming  the  prey  of  numerous  waterfowl  and  certain  water 
animals,  such  as  otter,  mink,  etc.  Man  himself  is  to  be  included 
among  the  animals  that  find  much  of  their  food  in  the  larger  aquatic 
organisms,  such  as  fish,  turtles,  crabs,  lobsters,  and  bivalves. 

SIGNIFICANCE  OF  BIOLOGICAL  FINDINGS  AND  PURPOSES  OF  THE 

PRESENT  INVESTIGATION. 

If  it  be  true  that  the  biological  life  of  a  stream  is  distinctly  and 
profoundly  aflFected  by  the  numerous  factors  which  form  the  envi- 
ronment, it  follows  that  the  organisms  in  a  stream  constitute  in  a 
general  way  a  reflection  of  the  prevailing  environmental  condition  of 
that  stream.  This  is  true  at  least  to  the  extent  that  the  presence  of 
any  particular  organism  in  unusual  abundance  is  evidence  of  the  rel- 
ative potency  of  certain  factors  existing  in  that  particular  environ- 
ment espcciall}'  favorable  to  such  organisms.  Chief  among  such 
factors  is  food  supply. 

The  securing  of  adequate  supplies  of  suitable  food  constitutes  the 
''hief  activity  of  practically  all  water  organisms,  particularly  those  of 
microscopic  size.    Comparatively  speaking,  little  time  is  spent  in  other 


activities,  such  as  mating,  nest  building,  curing  for  offspring,  etc., 
which  require  so  large  a  proportion  of  the  time  and  energy  of  larger 
animals,  especially  land  forms.  Microscopic  life  in  water  apparently 
has  little  else  to  do  except  to  eat  incessantly  or  assimilate  continually. 
Reproduction  by  fission  or  by  eggs  usually  takes  place  meantime, 
with  but  little  cessation  of  the  process  of  eating.  Because  of  this 
state  of  affairs  it  becomes  necessary  to  study  with  particular  care  the 
food  habits  of  these  organisms.  Some  of  these  food  habits  may  now 
be  briefly  considered. 

Plants  containing  chlorophyll  or  its  equivalent  require  sunlight,  by 
means  of  which  they  elaborate  their  food  from  simple  substances, 
chiefly  CO,  and  water.  Thus,  a  week  or  more  of  clear  weather  is 
usually  followed  by  a  distinct  and  often  remarkable  increase  of  minute 
aquatic  plants,  unless  turbidity  of  the  water  shuts  out  the  sunlight. 
It  will  thus  be  seen  that  sunshine  and  turbidity  of  water  are  vitally 
concerned  in  the  food  supply  of  submerged  plants. 

Various  organisms,  such  as  certain  rotifers,  are,  in  part  at  least, 
herbivorous  (Kofoid,  1904,  p.  145),  finding  much  of  their  food  in 
these  minute  plants,  which  in  turn  are  dependent  largely  on  sunshine 
and  clear  water.  Other  organisms,  notably  certain  crustacea,  are 
regarded  as  scavengers  because  they  consume  as  food  the  partly 
decayed  fragments  of  various  animal  and  plant  forms.  (Herrick, 
1884,  p.  124;  Rafter  and  Baker,  1900,  p.  76.)  Most  of  the  ciliates 
and  certain  of  the  flagellates  find  the  greater  part  of  their  food  in 
sewage-polluted  water.  They  are  most  abimdant  when  very  large 
numbers  of  bacteria  are  present.  Evidently  some  of  these  are  bac- 
teria eaters  (Calkins,  1909,  pp.  79, 106;  Marsson,  in  Engineering  News, 
August  31,  1911),  while  others  probably  consume  suspended  organic 
matter  found  in  such  polluted  water. 

Beyond  the  mere  facts  of  food  supply  and  preferred  habitat,  how- 
ever, there  is  a  still  more  important  aspect  of  the  relations  of  these 
organisms  to  their  environment.  Knowledge  of  foods  and  general 
activities  of  these  various  groups  of  organisms  brings  with  it  certain 
information  concerning  the  effect  of  these  activities  upon  the  stream, 
especially  in  the  case  of  a  polluted  stream  in  the  coiUBe  of  self -purifi- 
cation. Briefly  stated,  these  two  biological  aspects,  which  are  distinct 
though  intermingled,  are  the  biological  reaction  to  the  environment 
of  the  stream  and  the  physical  and  chemical  reaction  to  the  biological 
activities. 

Sunshine  and  low  turbidity  favor  the  growth  of  diatoms  and  other 
algaB  whose  small  size  is  fairly  balanced  by  their  vast  numbers,  and 
whose  synthetic  activity  results  in  appreciable  increase  of  the  dis- 
solved oxygen  of  the  water.  (Palmer,  1897.)  This  dissolved  oxygen 
is  not  only  used  in  the  respiration  of  most  water  organisms,  both 
plant  and  animal,  but  it  is  quite  essential  to  the  process  of  biochexni* 


cal  self-purification  of  the  stream.  Again,  Crustacea  and  rotifers, 
which  find  much  of  their  food  in  the  general  detritus  and  suspended 
matter  resulting  from  the  decay  of  plants  or  other  organic  matter, 
are  voracious  feeders,  and  when  present  in  large  numbers  dispose  of 
no  small  amount  of  material  in  their  promiscuous  and  continuous 
foraging.  The  organic  matter  thus  consumed  removes  a  considerable 
burden  from  the  polluted  water  with  corresponding  improvement  in 
its  chemical  and  physical  condition.  Finally,  if  the  water  be  bur- 
dened with  sewage,  the  large  amount  of  organic  matter  thus  intro- 
duced is  attacked  by  the  bacteria  and  by  hosts  of  larger  organisms 
^nveniently  termed  septic  or  pollutional  organisms  (Forbes  and 
Richardson,  1913,  pp.  498,  513)  and  consisting  largely  of  ciliates  and 
certain  flagellates.  These  feed  upon  the  bacteria  as  well  as  upon  the 
organic  detritus,  and  assist  in  the  reduction  of  polluting  material. 

As  sedimentation  is  often  an  important  factor  in  the  process  of 
self-purification,  it  may  be  anticipated  that  the  biological  conditions 
existing  in  the  bottom  deposits  when  such  deposits  are  present  con- 
stitute an  important  phase  of  the  biology  of  the  stream. 

The  smaller  organisms  in  mud,  mostly  animal  forms,  consist  chiefly 
of  worms,  young  mollusks,  and  insect  larvsB  and  pup8B.  The  presence 
of  these  organisms  is  largely  a  matter  of  food  supply,  it  would  seem, 
for  they  are  found  burrowing  and  delving  in  the  bottom  deposits, 
and  the  fecal  excretions  of  some  of  them  show  a  large  proportion  of 
mud.  Furthermore,  the  mud  itself  shows  the  effects  of  being  worked 
over  by  some  of  these  organisms,  notably  the  oligochsBte  worms. 
Young  bivalve  mollusks  find  their  chief  food  supply  in  minute  organ- 
isms in  the  water,  rather  than  in  the  mud  in  which  they  lie  partly 
buried.  In  many  instances  the  food  habits  of  the  organisms  con- 
cerned are  only  partially  known.  This  is  particularly  true  of  several 
of  the  insect  larv«. 

The  study  of  bottom  sediments  furnishes  a  sort  of  summary  or 
average  of  the  conditions  that  have  affected  the  water  while  the  sedi- 
ments were  accumulating.  In  the  study  of  the  Illinois  River,  Forbes 
and  Richardson  (1913)  found  that  the  study  of  the  bottom  sludges 
and  deposits  was  highly  important  and  that  ^'the  silt  and  other 
deposits  accumulating  on  the  bottom  of  a  stream  are  in  some  respects 
more  significant  of  its  average  condition  than  are  the  waters  of  its 
-current.''  Recent  study  of  the  Potomac  River  (Purdy,  1916)  tends 
to  show  similar  importance  of  the  bottom  sediments. 

It  will  thus  be  seen  that  the  persistent  presence  and  abimdance  of 
<^ertain  organisms,  or  the  absence  of  others,  or  the  sudden  advent  of 
certain  forms  in  large  numbers,  all  have  a  reasonably  direct  signifi- 
cance with  regard  both  to  the  environmental  condition  and  to  the 
biological  processes  of  purification  that  are  operative  therein. 


In  order  that  this  significance  may  be  better  defined,  and  henoe 
made  of  more  service  in  the  study  of  the  general  problem  of  stream 
economy,  biological  investigations  of  streams,  especially  in  direct 
conjunction  with  chemical  and  bacteriological  investigations,  are 
highly  desirable.  If  the  activity  of  high  bacterial  content  produces 
appreciable  differences  in  chemical  content  of  polluted  water,  it  seems 
very  probable  that  the  diverse  activities  of  an  abundant  plankton 
may  also  produce  appreciable  differences.  That  this  is  the  true  state 
of  affairs  is  indicated  by  results  from  the  comparatively  small  amount 
of  work  already  done  in  this  country,  and  also  by  the  more  extensive 
work  done  in  Europe,  especially  in  Germany.  Whipple  (1913, 
p.  142)  says: 

An  important  question,  and  one  which  is  of  particular  interest  to  water  anal ystF,  is 
the  relation  between  ihe  growth  of  organisms  (plankton)  and  the  chemical  analysis  of 
the  water  in  which  the  organisms  are  found.  Unquestionably  there  must  be  such  a 
relation,  but  thus  far  our  knowledge  of  the  food  requirements  of  the  plankton  is  not 
sufficient  to  enable  us  to  tell  what  this  relation  is. 

Much  additional  work  must  be  done,  however,  to  give  this  unde- 
veloped phase  of  water  examination  the  same  standing  as  that  now 
enjoyed  by  the  better-known  chemical  and  bacteriological  procedures. 
As  in  the  case  of  the  other  biological  sciences,  there  is  required  first 
routine  observation  and  classification  of  the  phenomena  exhibited, 
together  with  the  associated  physical  and  chemical  facts  with  which 
these  phenomena  may  reasonably  be  expected  to  be  correlated.  The 
search  for  and  study  of  such  correlations  may  be  profitably  under- 
taken at  the  same  time,  and  to  this  end  the  various  aquatic  organisms, 
including  both  plankton  forms  and  population  of  bottom  sediments, 
may  be  classified  or  arranged  with  respect  to  their  attitude  toward 
sewage;  that  is,  their  liking  for  it,  indifference  toward,  or  avoidance 
of  it.  The  recording  and  classification  of  a  considerable  amount  of 
observational  material  is  a  prerequisite,  however,  to  any  compre- 
hensive  generaUzation. 

Many  biologists  have  undertaken  such  a  classification,  regarding 
the  organisms  as  ''living  reagents'^  (Kolkwitz.  1911)  which  react  in 
a  definite  manner  toward  sewage  or  similar  pollution. 

Whipple  (1913)  showed  that,  in  the  Genesee  River,  the  heavily 
polluted  portion  just  below  the  Rochester  sewer  outfalls  furnished 
very  high  numbers  of  bacteria  and  of  certain  ciliates  and  other 
protozoa.  Some  miles  farther  downstream,  where  chemical  and  bac- 
teriological evidences  of  pollution  were  less  apparent,  these  ciliates 
diminished  greatly  in  numbers,  and  certain  algee  appeared,  these 
organisms  to  be  followed,  some  miles  below,  by  rotifers  as  the  domi- 
nating organism,  and  finally  by  Crustacea,  as  the  water  became 
progressively  better  in  quality. 


In  an  elaborate  five-year  study  of  the  Illinois  River  for  the  three- 
fold purj)ose  of  determining  the  biological  population,  studying  the 
life  histories  and  mutual  dependencies  of  these  organisms,  and,  finally, 
studying  and  analyzing  the  factors  of  environment,  Kofoid  (1903, 
1904)  made  a  notable  contribution  to  our  knowledge  of  plankton 
activities.  Very  briefly  simimiarized,  his  more  important  findings  are 
49  follows: 

1.  The  age  of  the  water  is  a  vital  factor  in  production  of  plankton, 
a  long  time-factor  permitting  adequate  decomposition  of  the  con- 
tained organic  matter,  which  in  turn  provided  sufficient  food,  directly 
or  indirectly,  for  the  aquatic  population.  Conversely,  a  short  time- 
factor  is  unfavorable  to  plankton  growth. 

2.  There  is  little  correlation  between  seasonal  flux  in  chemical 
conditions  (as  shown  by  analyses)  and  seasonal  course  of  plankton 
production.  Nitrogenous  matters  are  influenced,  especially  by  rapid 
growth  of  diatoms,  but  changes  are  not  uniform  nor  proportional. 

3.  Temperature  aflfects  plankton  profoundly.  It  was  noted  that 
when  temperature  was  below  45*^  F.  (  =  7°  C.)  the  plankton  content  of 
the  river  channel  was  only  9  per  cent  of  that  present  when  temper- 
atures were  higher. 

4.'  Diatoms  are  frequently  very  abimdant  and  are  of  great  im- 
portance and  significance  in  the  food  supply  of  higher  organisms. 
Abundance  of  other  minute  organisms  containing  chlorophyll  provides 
food  for  large  nimibers  of  rotifers. 

5.  Aquatic  insects  are  important  by  reason  of  many  food  relations 
connecting  them  with  the  smaller  planktoti  organisms. 

6.  The  presence  of  considerable  amoimts  of  organic  matter,  such  as 
sewage,  apparently  initiates  a  well-defined  series  of  biological  events, 
beginning  with  high  bacterial  content  and  large  numbers  of  cihates. 
Minute  chlorophyll-bearing  organisms,  both  algse  and  certain  of  the 
Mastigophora,  then  appear,  to  be  followed  usually  by  larger  organisms 
(rotifers,  rhizopods,  and  Crustacea),  which  find  most  of  their  food  in 
the  more  minute  animals  and  plants. 

7.  Certain  ciliates  are  very  abundant  during  the  height  of  sewage 
contamination  and  bacterial  development.  They  are  unusually  im- 
portant in  the  economy  of  the  plankton,  as  they  feed  chiefly  on 
bacteria,  decaying  organic  matter,  and  the  smaller  algsB  and  are  them- 
selves eaten  by  rotifers.  These  cihates  are  active  agents  in  the 
reduction  of  sewage,  in  destruction  of  the  bacteria  of  decay,  and  in 
porification  of  sewage-laden  waters,  transferring  the  matter  therein 
to  higher  forms  of  animal  life. 

8.  Plankton  production  is  essentially  rhythmic  or  periodic,  the 
waves  or  "pulses"  being  from  three  to  five  weeks  in  diu*ation« 
AmpUtade  of  pulses  is  affected  by  local  influences  and  by  season. 
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Rising  temperature,  hydrographic  stability,  decaying  vegetation,  or 
access  to  sewage  tend  to  increase  plankton,  while  declining  temper- 
atures, dilution  of  fertilizing  material,  access  of  flood  waters,  and 
increase  of  current  all  tend  to  decrease  plankton.  Initial  causes  for 
plankton  pulses  are  traceable  through  complex  food  relations  which 
extend  from  the  larger  animal  forms  back  to  the  minute  alg»  and 
other  synthetic  organisms.  These  in  turn  are  dependent  on  simlght 
and  on  dissolved  matter  in  the  water.  Another  line  is  traceable  from 
certain  ciliates  and  flagellates  back  through  the  bacteria,  which  owe 
their  chief  food  to  the  contamination,  usually  sewage,  which  causes 
the  high  bacterial  growth. 

While  the  stated  objects  of  Kofoid's  investigation  made  no  refer- 
ence to  any  particular  factor  of  environment,  it  is  significant  that, 
in  a  research  thus  disinterested,  there  should  be  frequent  allusion  to 
the  evident  effect  of  sewage  contamination  as  expressed  by  the  pres- 
ence of  large  numbers  of  certain  Mastigophora  and  ciliates. 

Kofoid's  work  was  completed  before  the  opening  of  the  Chicago 
Sanitary  Canal,  in  1900,  poured  a  large  volume  of  sewage  into  the 
Illinois  River.  It  is  therefore  fortunate  that  a  further  investigation 
of  this  stream  (Biology  of  the  Upper  Illinois,  Forbes  and  Richardsonj, 
1913)  gives  for  comparison  the  biological  conditions  which  prevailed 
after  the  addition  of  Chicago's  sewage.  A  second  object  of  this  later 
study  was  "  a  description  of  the  criteria  and  effects  of  different  de- 
grees of  contamination  of  the  natural  waters  of  the  Illinois."  (Idan 
p.  498.)     A  brief  summary  of  results  is  here  appended: 

The  average  amount  of  plankton  after  the  opening  of  the  canal  was 
5.07  c.  c.  per  cubic  meter  of  water,  as  compared  with  3  c.  c.  per  cubic 
meter  previous  to  the  opening.  This  average  increase  of  69  per  cent 
was  traceable  to  favorable  plankton  environment  resulting  when  the 
largely  increased  volume  of  water  overspread  fertile  bottom  lands, 
and  sewage  from  Chicago  provided  further  large  amounts  of  organic 
matter  as  food  for  microscopic  organisms. 

In  correlating  distinguishable  stages  of  pollution  with  their  respec- 
tive chemical  and  biological  characteristics,  the  river  was  divided 
into  four  sections,  in  the  order  of  diminishing  impurity,  and  desig- 
nated by  the  terms  ''septic,"  ''polluted,"  "contaminated,"  and, 
finally,  "clean  water."  Analogous  terms  were  applied  to  the  char- 
acteristic organisms  found  in  the  respective  waters.  The  following 
is  a  summary  of  the  chief  findings  in  these  four  zones  of  pollution : 

Section  1 . — Sanitary  Canal  at  Lockport  and  Des  Plaines  River  at 
Lockport.  (This  is  about  33  miles  below  the  source  of  the  Sanitary 
Canal,  which,  after  a  flow  of  38  miles,  empties  into  the  Des  Plaines 
River  at  Joliet,  111.) 

Charcbcter. — Septic. 
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(ienfral  and  chemical  conditions, — In  canal,  water  clear.  OflFal, 
human  excrement,  and  general  refuse  stranded  or  floating,  but  little 
decajed.  Noticeable  sewage  odor.  Sludge  with  foul  odor.  Dissolved 
oxygen  averaged  about  31.9  per  cent  of  saturation.  In  Des  Plaines 
River,  water  grayish.  Decomposition  well  advanced.  Foul  privy- 
odor.    Conditions  less  oflFensive  during  cooler  weather. 

Bio  gical  content. — In  canal,  an  occasional  living  fish.  Many  dead 
ones,  floating  or  stranded  alongshore.  (Fish  were  a  common  Lake 
Michigan  species.)  No  animal  life  in  bottom  sludges.  Scattered 
algae  along  edges  of  canal  harbored  the  septic  rotifer  R.  actinurus  and 
the  protozoa  Bodo^  VorticeUa,  OikomonaSy  and  Anthophysaj  also  septic. 
In  Des  Plaines  River,  bottom  stones  covered  with  sewage  fungus 
(SphserotUus)  and  blue-green  algae.  Anihophysay  Carchesium,  Para- 
macium,  and  other  septic  protozoa  abundant.  Various  less  septic 
forms  present.  No  fish  in  September,  a  few  in  November,  but  in 
iying  condition.  Many  oligochaete  and  nematode  worms  in  sludge. 
S^o  moUusks  or  Crustacea. 

Section  2. — ^Des  Plaines  River  at  Dresden  Heights  (16  miles  below 
iH)Uth  of  the  Sanitary  Canal)  and  Illinois  River  from  this  point  to 
Marseilles,  a  distance  of  26  miles. 

Character. — Polluted . 

General  and  chemical  conditions. — In  Des  Plaines  River,  water 
grayish,  with  privy  odor.  Dissolved  oxygen  averaged  13.1  per  cent 
if  saturation.  In  Illinois  River,  water  grayish  and  clouded  with 
ufts  of  sewage  fungus  (Sphserotilits).  Masses  of  putrescent  material 
bating  on  warmest  days.  Gras  bubbles  from  bottom.  Foul  odor 
rom  both  water  and  sludge.  Dissolved  oxygen  ranged  from  3.1  to 
6.4  per  cent  of  saturation.  Unpolluted  Kankakee  (tributary)  showed 
Ibssolved  oxygen  content  of  108  to  127  per  cent  of  saturation. 

Biological  content. — In  Des  Plaines  River,  large  amounts  of  Spha^ 
otUus  and  Carchesium.  The  blue-green  algae  Oscillatoria  and  PJior- 
lidium  were  frequent.  Other  algse  present  during  cooler  weather. 
fo  fish;  no  vertebrates  except  one  frog.  Many  dead  mollusks.  Air- 
reathing  beetles  common.  No  sponges,  hydroids,  leeches,  planarians, 
r  crustaceans.  In  Illinois  River,  Sph<erotiluSj  Carchesium j  and  Vo  ^ 
ceUa  abundant.  Colpidium  and  Rotifer  actinurus  present.  Fish 
bsent  except  an  occasional  specimen.  Fungi  and  Oscillaioria  in  sludge; 
bo  immense  numbers  of  worms  (Tubifex).  No  mollusks,  crayfish, 
r  larv»  of  May  fly  or  Dragon  fly.  Conditions  a  little  better  in  cooler 
eather. 

Section  5. — Illinois  River  from  Marseilles  (42  miles  below  mouth  of 
loitAry  Canal)  to  Starved  Rock,  a  stretch  of  16  miles. 
Charticter. — Contaminated . 

O'eneral  and  chemical  conditions. — Water  grayish.     Disagreeable 
lor.     No  gas  bubbles.     Dbsolved  oxygen  about  16  per  cent  of  sat- 
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uration.  Advent  of  Fox  River  (relatively  pure)  and  passage  of  main 
stream  over  dam  help  to  improve  conditions  at  Starved  Rock,  where 
dissolved  oxygen  averages  43.6  per  cent  of  saturation  near  north  shore 
(due  to  Fox  River)  and  35.9  per  cent  near  south  shore. 

Biological  content, — Sphserotiln^,  Carchesium,  Epistyli^f  and  other 
septic  organisms  very  few.  At  Starved  Rock  the  only  sewage  organ- 
ism found  is  small  amounts  of  SpJi^rotUus,  Fish  in  small  numbers 
along  edge  of  river,  farther  downstream  are  found  in  some  variety  in 
mid-channel,  and  at  Starved  Rock  are  moderatel^^  abundant.  Blue- 
green  algae  (poUutional)  fairly  common  near  Marseilles,  but  scarce  at 
Starved  Rock,  green  algSB  increasing  meantime.  Some  worms  (Tuhi- 
fex)  in  bottom  mud.  Insect  larvae,  snails,  crawfish,  leeches,  etc.,  more 
numerous. 

Section  4- — Ilhnois  River  from  Starved  Rock  (58  miles  below  mouth 
of  Sanitary  Canal)  to  Chillicothe,  107  miles  below  the  canal.  This 
section  is  49  miles  long. 

Character. — Relatively  pure  water. 

General  and  chemical  conditions, — Water  very  slightly  grayish,  nearly 
normal;  becomes  greenish  toward  Chillicothe,  and  the  slight  odor  of 
sewage  disappears.  Only  in  winter  do  bottom  sludges  show  offensive 
odor.  Dissolved  oxygen  22  to  2S  per  cent  of  saturation  in  midsummer, 
reaching  maximum  of  82  per  cent  in  November. 

Biological  content. — Septic  and  poUutional  organisms  only  occa- 
sional or  absent.  Fish  numerous  enough  to  justify  commercial  fish- 
ing. Green  algae  predominate,  the  blue-greens  being  only  occasional. 
Water  is  made  green  by  large  amount  of  minute  chlorophyll-bearing 
plankton.  Large  variety  of  insect  larvae  and  of  mussels,  snails,  anil 
Crustacea.  Sponges,  leeches,  bryozoa,  and  planarians  are  fairly  com- 
mon.     Tuhifex  is  rare  in  bottom  sediments. 

This  investigation  thus  indicates  that  a  water  burdened  with  sew- 
age and  '^sick^'  according  to  all  available  evidence  has  meantime  a 
characteristic  biological  content  which  is  totally  different  from  that 
shown  in  the  lowest  section  studied,  at  which  time  the  physical  and 
chemical  conditions  also  indicate  that  self-purification  is  far  advanced. 
'The  recovering  water  is  now  107  miles  below  the  mouth  of  the  Sani- 
tary Canal,  and  it  still  has  ISO  miles  to  flow  before  it  reac^hes  the 
Mississippi  River. 

A  considerable  amount  of  work  has  been  done  by  European  inves- 
tigators, especially  in  Germany.  Kolkwitz  (1911),  in  studying  the 
organisms  and  conditions  resulting  from  sewage  pollution,  divides  the 
water  into  three  zones — the  sewage  zone,  with  polysaprobic  organ- 
isms, and  transition  zone,  with  mesosaprobic  organisms,  and  the  clean 
water  zone,  with  oligosaprobic  organisms.  These  terms  have  essen- 
tially  the  same  significance  as  ^'septic,"  '^  polluted,"  '*  contaminated," 
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and  '*  clean  water/'  as  used  by  Forbes  and  Richardson  (1913).  This 
will  be  evident  from  the  following  further  explanation  by  Kolkwitz, 
esfientialiy  as  translated  by  Kuichling: 

PolyMprobic  ton^.— Characterized  by  multitude  of  Schizomycetes  (bacterial,  bac- 
teria-eating Fla^llata  and  Ciliata.  *  *  *  From  a  chemical  standpoint  this  zone 
isalff)  marked  by  the  predominance  of  reducing  and  splitting  processes  due  to  lack 
d  diMolved  oxygen  and  to  the  excess  of  carbonic  acid;  also  to  relatively  high  content 
of  decomposable  food  matters,  which  is  indicated  by  the  growth  of  certain  organisms 
that  may  be  regarded  as  living  reagents. 

M€90Maprobie  tartf. — The  process  of  decomposition  has  advanced  to  an  intermediate 
degree.  For  convenience  this  zone  will  be  divided  into  two  parts,  called  A-mesosa- 
probic,  and  B-meaonprobic,  the  first  extending  upstream  and  adjoining  the  poly- 
Mprobic  zone,  and  the  second  extending  down  stream  and  adjoining  the  clean-water 
or  oligoflaprobic  sone.  The  first  part  is  usually  characterized  by  the  appearance 
of  Schizophycete  and  Eumycetes,  along  vrith  Anthophysa  regetansy  Stenior  coeruleuSf 
Carchewiurn  lachmanni,  etc.  Many  bacteria  are  still  present.  Drainage  ditches  carry- 
ing imperfectly  purified  water  are  good  examples  of  A- mesosaprobic  zones.  The 
B-mesooaprobic  zone  is  generally  distinguished  by  ita  contents  of  Diatomacese  and 
certain  Chlorophycete,  along  with  Rhizopoda,  certain  Ciliata,  Vermes,  numerous  Ro- 
titoim,  etc. 

Ok0o$aprobic  zone, — ^Hygienic  interest  in  the  disposal  of  sewage. generally  termi- 
nates at  this  zone,  while  it  begins  herewith  in  the  case  of  domestic  water  supplies. 
The  chief  characteristic  of  this  zone  is  the  completion  of  the  process  of  mineralization; 
ill  of  the  more  or  leas  turbulent  processes  of  self -purification  are  absent  in  the  water 
itself,  and  the  biological  development  is  usually  extensive.  The  appearance  of  cer- 
tain rspreaentatives  of  the  Peridiniales,  all  Charales,  and  certain  planktonal  Ciliata, 
Rotatoria,  and  Crustacea  are  to  be  regarded  as  characteristic. 

Marsson  (191 1),  of  the  royal  Prussian  testing  station,  studied  the 
significance  of  plankton  in  maintaining  purity  of  natural  waters  and 
Uie  effect  of  sewage  on  these  organisms.     He  says  of  the  plankton: 

Its  vegetable  component  is  the  fundamental  food  supply  or  condition  of  existence 
for  all  aqnatic  life.  It  comes  from  the  products  of  the  decomposition  of  *  *  * 
decaying  animala  and  plants  as  well  as  from  sewage.  The  self-purifying  power  of 
oatural  watera  ia  merely  the  maintenance  of  the  proper  equilibrium  between  retro- 
jcrcasive  and  progreeaive  metamorphosis.    *    *    * 

After  designating  as  ^'  Food  producers ''  those  plantlike  organisms 
which  assimilate  inorganic  matter  and,  aided  by  sunlight,  build  up 
organic  compounds  by  means  of  chlorophyll,  and  further  classifying 
is  **Food  consumers"  all  remaining  organisms  (chiefly  animals) » 
Marssoa  notes  the  great  importance  of  the  activity  of  algae  in  stream 
economy,  and  remarks,  concerning  certain  flagellates: 

The  euglenas  and  their  relatives  are  therefore  found  mainly  in  nauseous  pools 
wfacae  surface  they  cover  with  a  green  scum.  They  appear  on  every  sewage  farm 
tod  eapeciaUy  on  the  aurhu^e  of  sewage  held  in  tanks.  They  also  develop  in  great 
aumbeTB  in  sluggish  indentations  of  the  banks  of  poUuted  streams,  from  which  they 
are  carried  along  by  the  current.  When  found  plentifully  in  the  plankton,  they 
ftSofd  proof  that  the  water  has  been  contaminated. 
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In  discussing  "  Food  consumers  *'  Marsson  speaks  of  the  con- 
sumption of  bacteria  by  larger  organisms,  chiefly  ciliates,  and  says: 

These  relatively  large  unicellular  organisms  thus  dominate  over  the  other  living 
organisms  in  their  vicinity,  according  to  their  size,  like  a  cannibal  among  fish. 
Many  of  the  metazoa,  including  the  Rotatoria,  are  likewise  bacteria  eaters  and 
obtain  their  food  in  the  same  manner  as  the  ciliates.  Besides  bacteria,  this  food 
material  embraces  other  bacteria  eaters,  diatoms,  small  algae,  etc.  If  many  bacteria 
eaters  are  found  in  a  water,  it  can  safely  be  inferred  that  many  bacteria  are  present, 
hence  also  a  quantity  of  putrefying  substances.    *    *    * 

Referring  to  the  effect  on  plankton  of  organic  matter  such  as 
sewage,  he  says: 

It  may  also  be  said  that  the  greater  the  quantity  of  impurities  reaching  a  stream, 
the  stronger  will  be  the  development  of  the  plankton  and  the  greater  the  amount 
of  work  it  will  have  to  perform  by  means  of  its  nutrition  and  growth. 

Eyferth  (1900)  describes  many  hundreds  of  aquatic  organisms^ 
both  plants  and  animals,  and  ranging  from  bacteria  to  rotifers.  He 
gives  particular  att<ention  to  the  conditions  of  environment  as  shown 
by  the  preferred  habitat  of  the  various  organisms,  and,  as  far  as 
known  facts  permit,  states  the  attitude  of  each  organism  toward 
pollution,  using  the  terms  polysaprobic,  mesosaprobic,  and  oligo- 
saprobic,  as  suggested  by  Kolkwitz.  Senft  (1905)  similarly  r^ards 
many  of  the  aquatic  organisms  as  *^Uving  reagents'*  on  account  of 
their  observed  behavior  toward  pollution,  and  classifies  them  accord- 
ingly, using  the  terms  of  Kolkwitz. 

Various  other  workers,  both  American  and  European,  have  com- 
mented on  the  observed  behavior  of  aquatic  organisms  toward  organic 
matter,  and  have  regarded  this  microscopic  life  as  a  factor  in  the 
self-purification  of  surface  waters.  It  seems  probable  that  in  the 
study  of  aquatic  organisms  we  have  a  source  of  evidence  relative  to 
the  true  mechanism  of  self-purification  of  streams  which  is  suffi- 
ciently important  to  conmiand  a  respectful  hearing  along  with  the 
better-known  evidence  obtained  meantime  from  bacteriological  study 
and  chemical  examination.  Referring  to  the  advantage  of  main- 
taining a  normal  distribution  of  plant  and  animal  life  in  a  polluted 
stream  to  the  end  that  orgaaic  matter  in  water  may  be  most  effee* 
tively  disposed  of,  Whipple  (1914,  p.  82)  says: 

The  author  believes  that  ultimately  the  great  question  of  the  pormiasiible  limit  of 
stream  pollution  will  be  solved  on  this  basis. 

In  view  of  all  these  facts  it  seemed  highly  desirable  that  the 
investigations  of  the  pollution  and  self-purification  of  the  Ohio  River 
should  include  certain  biological  studies.  The  purpose  of  these 
studies  may  be  said  to  have  been  twofold.  There  was  first  the 
general  puri>ose  of  recording  and  classifying  the  available  data  as  a 
contribution  to  the  biology  of  streams  in  general.  It  was  hoped 
that  in  addition  an  intensive  study  of  the  biology  of  the  Ohio  might 
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furnish  sqme  information  of  immediate  importance  in  the  interpre- 
tation of  the  physical,  chemical,  and  bacteriological  data  that  it  wasr 
proposed  to  assemble.  This  branch  of  the  investigation  was  there- 
fore organiasecl  with  these  two  purposes  in  view. 

METHODS  EMPLOYED. 
PLANKTON. 

Purpose,  ftcopfy  and.  plan  of  the  biological  work, — Recognition  of  the 
fact,  often  noted,  that  a  sewage-polluted  stream  gradually  becomes 
purified  by  natural  means  logically  implies  that  the  proper  study  of 
such  a  stream  must  include  a  careful  survey  of  all  known  agents  of 
nature  which  may  be  concerned  in  the  purification  process.  With 
this  end  in  view  it  was  arranged  to  study  the  microscopic  plants  and 
^nimftlfl  and  the  related  organisms  predominating  in  the  various  por- 
tions of  the  river  in  order  that  additional  data  might  be  secured  to 
consider  in  connection  with  the  chemical  and  bacteriological  data  that 
were  being  secured  meantime  by  a  study  of  the  same  portions  of  the 
river. 

Laboratories  were  established  at  six  selected  points  along  the  river, 
as  follows:  (1)  At  Pittsburgh,  where  the  Ohio  River  is  formed  by  the 
confluence  of  the  Allegheny  and  the  Monongahela  Rivers;  (2)  at 
Wheeling,  97  miles  below  Pittsburgh:  (3)  at  Portsmouth,  355  miles 
below;  (4)  at  Cincinnati.  480  miles;  (5)  at  Louisville,  620  miles;  and 
(6)  at  Paducah,  920  miles,  respectively,  down  stream  from  Pitts- 
burgh. The  Paducah  laboratory  was  within  47  miles  of  the  Missis- 
sippi River,  into  which  the  Ohio  River  flows. 

At  each  of  these  six  cities  several  sampling  stations  were  established 
in  order  to  obtain  representative  samples  of  the  water:  (1)  Above  the 
city  and  untouched  by  local  pollution;  (2)  below  the  city,  and  presum- 
ably showing  the  effects  of  any  sewage,  industrial  waste,  etc.,  intro- 
duced locally.  Thus,  at  Pittsburgh,  the  several  biological  sampling 
points  were  located:  (1)  12  miles  up  the  Monongahela  from  the  con- 
fluttice  at  Pittsburgh,  (2)  7  miles  up  the  Allegheny,  (3)  3  miles  below 
the  confluence  at  Pittsburgh,  (4)  23  miles  below  the  confluence.  This 
last  point  also  had  reference  to  the  condition  of  the  Ohio  water  before 
Uie  advent  of  the  Beaver  River,  which  entered  at  about  25  miles  below 
Pittsburgh.  Samples  of  this  tributary  were  taken  well  up  above  the 
month  to  determine  the  biological  status  of  this  stream.  Various 
other  Ohio  tributaries,  regarded  as  important  on  account  of  their 
probable  sanitary  status  or  their  effect  as  a  dilution  factor,  were  sam- 
pled in  like  manner. 

Plankton  samples  were  taken  weekly  as  a  rule.  Bottom  sediments 
were  sampled  less  often — twice  a  month,  or  in  some  cases  once  a  month. 
The  time   period   covered   was   August  1   to  October   15,   1914,   in 


14 


all  stations  except  those  near  Cincinnati^  where  some  intensive  work 
was  continued  until  August,  1915. 

Table  No.  1,  given  herewith,  lists  the  G  successive  laboratories,  26 
collecting  stations,  time  periods  covered,  frequency  of  collection,  and 
kinds  of  samples  secured  in  the  eflFort  to  secure  an  adequate  and 
impartial  biological  picture  of  the  Ohio  River.  These  sampling  points 
are  designated  on  the  map  of  the  Ohio  River  District  also. 

Table  No.  1 — Record  of  biological  samples. 


Sampling  point   (miles 
from  Pittsburgh;. 

Time  included  bv 
samples  coUectea. 

Number  of  samples  and  frequency 
of  oouectioo. 

station. 

Plankton 
(weeUy). 

Mud 
(semi- 
monthly). 

Mi9cd- 

laneooB 

(ooca- 

adooal). 

Total. 

Pittsburich 

M-12 

Aug.  12toOot.  1^1914. 
do 

10 
10 
10 
10 
10 

5 

7 
7 

1 
1 
1 

M 

A-7 

W 

0-3 

do 

18 

0-23 

do 

10 

Beaver  River 

do 

6 

I 

M 

Total 

60 

34 

4 

7S 

65 

Aug.  14  to  Oct.  1^1914. 
do 

Wheeling 

0 

8 

»4 

10 

9 

77 

§1 

88 

do 

4 

97  or  dam  No.  13 

do 

10 

Total 

31 

31 

349 

Aug.  18  to  Oct.  15, 1914. 
do 

Portsmouth 

7 
7 
7 

4 

3 

4 

1 

13 

Scioto  River 

19 

358 

do 

U 

Total 

21 

11 

1 

31 

461 

July  22, 1914,  to  Aug. 

1, 1915. 
.....do 

Cincinnati 

46 

SO 
49 

33 

36 

39 

10 

«84 
*40 

1 

9 

2 

1 
1 

'         51 



475 

134 

492 

Sept.  10, 1914,  to  Aug. 

1, 1915. 
Se^t.  10,  1914,  to  May 

July  22.  1914,  to  June 

1,  1915. 
8mi.  10, 1914,  to  Aug. 

91 

LitUe Miami  River.... 
Lickinff  RlvOT 

34 

41 

Great  Miami  River 

42 

Total 

253 

165 

2 

410 

398 

Aug.  31, 1914,  to  Aug. 

1, 1915. 
Aug.  31,  1914,  to  May 

1,  1915. 
.do 

Louisville 

49 
35 
36 

«87 
34 

1 

10 

14ft 

019.  N  and  C 

m 

619-S 

37 

Total 

120 

122 

10 

2S3 

904 

Sept.  2  to  Oct.  12, 1914. 
do 

Paducah 

5 
4 
5 
4 

6 

4 
5 
5 

3 

4 
3 

g 

Cumberland  River 

920.  NandC 

9 

do 

s 

920-S 

do 

4 

Tennessee  River 

do 

5 
6 

11 

926-S 

do 

10 

933.  NandC 

do 

5 

fi33-S 

do 

s 

Total 

38 

21 

S$ 

Grand  total. 

513 

333 

17 

963 

1  Biweddy. 


*  To  November,  1915. 


s  To  December,  1915. 
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Plankton  samples  collected  at  the  five  branch  laboratories  were 
concentrated  by  use  of  the  Sedgwick-Raf  ter  Hlter,  the  resulting  catch 
preserved  by  adding  alcohol,  and  then  shipped  to  headquarters  at  Cin- 
cinnati for  examination.  Samples  of  bottom  sediment  were  preserved 
by  alcohol  and  shipped  to  the  Cincinnati  laboratory  for  study. 

Sampling, — Water  samples  for  Plankton  determination  were  se- 
cured by  using  the  Dissolved  Oxygen  Sampler.  This  was  a  cylindri- 
cal vessel  of  about  3  liters  capacity  and  constructed  of  copper.  The 
air-tight,  removable  lid  was  provided  with  three  small  tubes,  which 
extended  within  the  vessel,  permitting  outflow  of  air  and  inflow  of 
water.  This  sampler  was  lowered  nearly  to  the  bottom  of  the  stream, 
then  raised  slowly  as  the  water  entered,  displacing  the  air.  In  this 
manner  a  "vertical"  sample  was  obtained  which  was  made  up  of 
water  from  bottom  to  surface  of  the  stream.  In  most  cases,  unless 
the  stream  was  narrow  at  the  sampUng  point,  this  procedure  was 
carried  out  at  the  three  points  on  a  cross  section  of  the  channel.  The 
final  plankton  sample  of  2  liters  was  composited  from  the  water  thus 
obtained.  Conditions  of  weather,  stream  movement,  floating  debris, 
and  presence  of  fish  and  submerged  plants  were  noted.  At  the  labora- 
tory these  data  were  entered  on  a  field  card  for  convenient  reference. 

At  the  laboratory  the  2-iiter  sample  was  concentrated  by  filtering 
through  a  Sedgwick-Raf  ter  funnel,  the  catch  preserved  by  the  addi- 
tion of  strong  alcohol,  and  labeled  with  name  or  number  of  the  sam- 
pling station,  date,  amount  of  water  filtered,  and  degree  of  concentra- 
tion. Later,  when  the  catch  was  measured  by  centrifuging,  the 
amount  of  catch  was  also  recorded  on  the  label. 

Examination, — One  cubic  centimeter  of  the  catch,  diluted  if  neces- 
sary, was  placed  in  a  Sedgwick-Raf  ter  cell  and  examined  with  a  bin- 
ocular microscope  magnifying  23  diameters.  This  was  merely  a  rapid 
survey  of  the  entire  slide  in  order  to  note  the  chief  features  of  the 
material  to  be  studied,  the  uniformity  of  distribution  over  the  slide, 
and  the  approximate  number  and  kind  of  the  larger  organisms. 

Further  study  was  carried  on  by  the  aid  of  a  Zeiss  microscope  with 
two-thirds  objective  and  No.  4  ocular,  giving  a  magnification  of  about 
60  diameters.  The  count  is  made  by  means  of  a  micrometer  eyepiece 
according  to  the  method  given  by  Whipple  (1914),  10  fields  uniformly 
distributed  over  the  slide  being  examined  and  the  results  tabulated. 

IderUiJicalion  of  organisms. — The  organisms  comprise  eight  general 
divisions,  as  follows:  DiatomacesB,  Algse,  Fungi,  Rhizopoda,  Masti- 
gophora  (or  Flagellates),  Ciliata,  Rotifera,  and  Crustacea.  To  thet^ 
is  added  a  divbion  to  include  the  various  minute  worms,  eggs,  spcM^es, 
or  other  unclassified  organisms  that  occasionally  appear  in  the  plank- 
ton. Each  of  these  main  divisions  consists  of  several  groups^  and 
these  are,  in  turn,  divided  into  other  groups  or  familias,  with  further 
division  into  genera  and  finally  species. 
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Identification  has  been  facilitated  by  reference  to  the  following: 
Whipple  (1914),  Conn  (1905)  (1908),  MiaU  (1912),  Hudson  and  Gosse 
(1889),  WoUe  (1887)  (1892)  (1894),  Leidy  (1879),  Collins  (1909). 
Tilden  (1910),  Snow  1903),  Eyferth  (1909),  Senft  (1906). 

Another  helpful  means  of  identifying  organisms  is  by  the  use  of  a 
set  of  microscope  slides  on  which  are  mounted  for  future  reference 
the  various  organisms  as  they  are  encountered  in  the  examination 
of  catches.  An  organism  is  removed  by  a  capillary  pipette  from 
the  counting  cell,  placed  in  a  few  drops  of  dilute  formalin  solution 
in  a  ringed  slide,  the  cover  slip  adjusted  and  sealed  down,  and  the 
label  afiixed — the  whole  process  requiring  perhaps  20  minutes. 

Expression  of  results, — Results  were  recorded  in  terms  of  ^'standard 
units''  (a square  20  microns  on  a  side)  inasmuch  as  this  method  serves 
to  reduce  all  values  to  a  common  basis,  and  thus  shows  within  certaiD 
limitations  the  approximate  relative  values  of  organisms  of  various 
sizes  and  of  the  amorphous  matter  and  silt  as  well. 

The  ''standard  unit"  (Whipple,  1914)  is  a  unit  of  area  and  makes 
no  allowance  for  the  thickness  of  the  object.  In  order  to  obtain  de- 
sirable volumetric  data,  Whipple's  recommendation  that  the  standard 
unit  be  modified  somewhat  in  practice  in  case  of  organisms  that  vary 
a  great  deal  in  thickness  has  been  adopted.  Accordingly,  the  results 
of  plankton  determinations  are  expressed  in  terms  of  standard  units 
which  have  a  constant  thickness  of  about  20  microns,  or,  in  other 
words,  a  volume  which  approximates  a  cubic  standard  unit.  This  is 
practically  the  application  of  a  microscopic  "board  foot,"  or  rather 
board  inch,  to  the  measurement  of  plankton,  and,  like  board  measure, 
it  is  essentially  volumetric.  While  such  measiurement  of  microscopic 
objects  is  not  exact,  it  nevertheless  is  very  much  nearer  the  true 
values  than  is  obtained  if  no  consideration  whatever  be  given  the 
widely  fluctuating  dimensions  that  occur. 

In  actual  practice,  the  approximate  shapes  of  the  various  plankton 
organisms  to  be  measured  may  be  listed  as:  (1)  Globular  bodies, 
(2)  cylinders  and  cones,  (3)  quadrangular  bodies,  (4)  combinations 
and  irregulars. 

Class  (1)  includes  all  spheres  and  near  spheres,  such  as  Vcivoxj 
ChlamydomondSj  VorticeUa  (heads),  and  many  of  the  ciliates. 

Class  (2)  includes  certain  of  the  diatoms,  sections  of  alga  filaments, 
and  some  flagellates.  Such  organisms  as  Euglena^  Cyclops ^  portions  of 
certain  rotifers  and  worms,  etc.,  are  essentially  conical  in  shape  and 
may  be  measured  accordingly.  The  desmid  Closterium,  for  instance, 
is  practically  a  double  cone. 

Class  (3)  wiU  include  such  diatoms  as  Navicula,  Synedra  biceps,  etc., 
and  a  few  algae  such  as  Scenedesmus. 

Class  (4)  includes  a  variety  of  organisms,  a  few  of  which  may  be 
mentioned  as  typical: 
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Param(Bcivm  is  essentially  a  cylinder,  capped  with  a  half  sphere 
mt  each  end. 

CodoneUa  is  a  sphere  attached  to  a  short  cyhnder. 

Cydops  is  essentially  a  cone,  with  one  end  rounded  into  a  half 
sphere. 

Synedra  is  a  double  wedge. 

Rotifers  are  various  combinations  of  the  sphere,  the  cyUnder,  and 
the  cone. 

Many  spherical  organisms  are  very  minute.  Pleurococcus  cells  may 
be  only  10  or  12  microns  in  diameter.  Eight  or  more  such  cells  will 
be  required  to  form  1  cubic  standard  unit. 

In  practice,  a  table  similar  to  that  illustrated  herewith  is  a  great 
convenience  and  tim^aver.  Such  a  table,  copied  from  an  Engineer's 
Handbook,  may  be  posted  near  the  workbench  and  consulted  as  the 
count  proceeds. 

TABLE  GIVING  AREA  OF  CIRCLE  AND  VOLUME  OF  SPHERE 
AND  OF  CUBE  FOR  A  GIVEN  DIAMETER. 


Diameter. 


0.5 
1.0 
ZO 
3.0 
4.0 
5.0 
Etc.,  up  to 
30  or  40. 


Area  of 
cirde. 


0.196 

.7854 

3. 1416 

7.068 

12.566 

19.635 


Volume  of 

Volume  of 

sphere. 

culje. 

a065 

0.125 

.5236 

1 

4.185 

8 

14.15 

27 

33.42 

64 

65.4 

125 

One  or  two  specific  examples  will  make  clear  the  use  of  the  aBo^e 
table; 

(1)  Suppose  a  Volvox  sphere  be  found,  measuring  22  linear  standard 
tmits  in  diameter.  A  glance  at  the  complete  table  shows  that  such 
an  organism  has  a  volume  of  5,675  cubic  standard  units. 

(2)  A  tiny  section  of  alga  (cylindrical),  one-half  standard  unit  in 
diameter  and  15  standard  units  long,  has  a  volume  of  about  3  cubic 
standard  units;  that  is,  area  of  end  (0.196)  multiplied  by  length 
(15)  equals  2.9. 

(3)  A  flagellate  (the  cone-shaped  Euglena,  for  example)  whose  larger 
end  has  a  diameter  of  2  standard  units  (linear)  with  a  total  length  of 
6  standard  units  has  a  volume  of  about  6  cubic  standard  units.  (Area 
of  end  multiplied  by  one-third  the  length.) 

(4)  A  Cyclops,  whose  geneial  shape  is  that  of  a  cone  with  rounded 
btte,  measures,  say,  12  standard  units  (linear)  in  diameter  at  the  point 
^ere  tiie  body  begins  to  round  off  to  form  the  ''head  end.''  From 
this  point  to  the  tip  of  the  tail  is,  say,  22  standard  imits  in  lei^th. 
The  volume  is  therefore  found  by  multiplying  the  area  of  the  base 
by  one-third  the  length,  or  113  X  7J  =  829.  Add  to  this  the  vol* 
^Qne  of  the  head  end  (one-half  a  sphere  whose  diameter  is  12  linear 
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standard  units)  and  we  have  829+452  =  1,281  cubic  standard  units 
as  the  approximate  volume.  If  egg  sacs  are  present  they  may  be 
measured  separately. 

•By  using  the  ocular  micrometer  disk  devised  by  Whipple,  the 
approximate  volume  of  all  plankton  organisms  may,  with  a  reason- 
able amount  of  labor,  be  ascertained  and  recorded  on  the  plankton- 
counting  sheet,  thus  placing  all  forms,  lai'ge  and  small,  on  the  same 
volumetric  basis  and  thereby  giving  an  adequate  representation  of 
the  relative  quantitative  importance  of  the  various  organisms  present. 

The  amorphous  matter  and  silt  on  the  bottom  of  counting  cell  is 
measured  in  a  similar  manner.  This  material,  if  abundant,  usually 
forms  a  partial  layer  of  fairly  uniform  thickness,  so  the  voiimie  may 
be  easily  found  by  multiplying  area  by  thickness  on  a  given  field 
and  subtracting  the  total  volume  of  plankton  organisms  already 
counted  and  measured  in  this  same  field.  If  there  be  but  little  of 
the  amorphous  matter,  the  discrete  particles  and  masses  in  any 
given  field  may  be  measured  as  were  the  plankton  organisms. 

The  errors  of  measurement  by  the  foregoing  procedure  tend  to  be 
so  related  that  if  both  organisms  and  amorphous  matter  or  silt  be 
determined  by  this  procedure  the  relation  between  the  two  may  be 
taken  as  approximately  correct.  The  total  volume  of  the  catch  is 
capable  of  much  more  accurate  determination  by  means  of  the  centri- 
fuge and  actual  volumetric  measurement,  so  that  by  applying  to  this 
volumetric  measure  the  relative  volume  of  plankton  as  determined 
by  the  count  method  a  fair  estimate  of  the  total  volume  of  the 
plankton  in  the  catch  is  obtainable.  This  is  the  procedure  that  has 
been  followed  throughout. 

Procedure  with  high  turbidity. — Very  often  the  turbidity  is  so  high 
that  it  is  practically  impossible  to  filter  the  sample  on  account  of  the 
clogging  of  the  filter  by  suspended  matter  and  silt.  Under  such 
conditions  it  has  been  our  practice  to  allow  the  sample  to  stand  for 
a  few  hours,  then  carefully  to  siphon  off  and  filter  tlie  supernatant 
water  in  the  usual  manner.  The  heavier  suspended  matter,  which 
has  settled  to  the  bottom,  is  diluted  by  the  addition  of  a  measured 
quantity  of  distilled  water.  This  is  now  essentially  a  second  catch 
from  the  24iter  sample  which  has  just  been  filtered.  One  cubic  centi- 
meter, further  diluted  if  necessary,  is  examined  in  the  usual  way  in 
the  counting  cell  and  the  results  tabulated,  and  later  added  to  the 
coimt  of  the  catch  obtained  by  filtering,  after  first  placing  both 
count49  on  a  common  basis.  Later  the  settled  sediments  are  measured 
and  the  result,  reduced  to  like  terms,  is  added  to  the  quantitative  data 
obtained  by  centrifuging  the  other  portion  of  the  catch.  This  material 
which  settled  to  the  bottom  of  the  bottle  contained,  as  a  rule,  very 
few  organisms. 


19 


BOTTOM   SEDIMENTS. 


Samples, — Samples  are  secured  by  the  use  of  a  mushroom-shaped 
scoop*  dragged  on  the  bottom  of  the  stream  by  an  attached  rope. 
From  the  liter  or  two  of  mud  thus  obtained  the  collector  takes  a 
representative  sample  of  about  200  c.  c,  which  is  placed  in  a  500  c.  c. 
bottle  and  taken  to  the  laboratory  for  examination.  In  the  case  of 
distant  stations,  the  sample  is  preserved  by  the  addition  of  an  equal 
volimie  of  strong  alcohol,  then  shipped  to  the  laboratory.  The  col- 
lector makes  note  of  the  color,  the  odor,  and  the  time  and  place 
of  sampling. 

Examination. — The  laboratory  examination  of  these  samples  con- 
sists in  noting  the  color,  the  odor,  and  the  consistency  or  **  streak.'' 
Following  this,  the  mud  is  carefully  washed  through  a  fine-mesh 
sieve.  This  is  accomplished  by  placing  the  mud  in  some  such  vessel 
as  a  *•  moist  chamber" — which  has  perpendicular  sides — running  tap 
water  into* it  and  agitating  and  rotating  the  vessel  until  the  water  is 
very  turbid  with  mud  in  suspension.  This  is  then  poured  through 
the  sieve.  More  tap  water  is  then  added,  and  the  process  repeated 
as  often  as  necessary  until  all  the  mud  has  been  passed  through  the 
sieve,  whose  fine  meshes  retain  the  larger  organisms  present  (worms, 
insect  larvae,  moUusks,  etc.)  and  the  various  kinds  of  disintegrating 
organic  material,  chiefly  fragments  of  leaves,  plants,  seeds,  small 
sticks,  molts  of  water  animals,  etc.  This  is  essentially  a  process  of 
filtration  and  the  ^' catch"  in  the  sieve  is  transferred  to  a  vessel  of 
clean  water  for  convenient  study.  Results  are  tabulated  under 
appropriate  headings.  No  quantitative  estimates  are  attempted  aside 
from  using  a  sample  of  constant  size  (200  c.  c).  Organisms  present 
are  merely  counted.  Disintegrating  organic  material  is  recorded  a& 
to  i^edominating  kinds  and  relative  abundance. 
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RESULTS  OF  BIOLOGICAL  INVESTIGATIONS. 

In  presenting  the  result  of  the  biological  studies  of  certain  portions 
of  the  Ohio  and  its  tributaries  it  is  deemed  advisable  to  set  down  in 
the  same  place  a  summary  of  those  physical,  chemical,  and  biologi- 
cal characteristics  of  the  stream  that  may  be  supposed  to  determine 
or  be  influenced  by  the  presence  of  the  microscopic  plant  and  ani- 
mal life  under  investigation. 

These  various  characteristics  have  been  studied  in  detail  and  are 
described  more  fully  in  the  separate  report  upon  hydro  metric,  chem- 
ical, and  bacteriological  studies  of  the  river.  An  effort  to  summarize 
the  essential  factors,  giving  to  each  its  due  weight,  and  thus  to  arrive 
at  some  reasonable  conclusions  as  to  the  general  biological  situation 
at  any  given  station,  is  a  task  attended  by  perplexing  problems  and 
real  difficulties.  Aquatic  life  responds  to  changes  in  its  environment. 
If  this  environment  be  made  up  of  many  and  diverse  factors,  the 
resulting  biological  situation  is  correspondingly  complex.  As  stated 
by  Kofoid  (1904,  p.  41),  the  organisms  in  a  stream  constitute  **the 
biological  expression  of  the  state  of  tension  among  these  various  fac- 
tors which  for  the  moment  exists,  '^  the  factors  referred  to  being  a 
most  cx)mplex  series  **  whose  number  and  relative  potency  are  subject 
to  constant  change  and  readjustment  in  the  unstable  environment  of 
the  stream." 

It  will  not  be  attempted,  therefore,  to  analyze  the  environmental 
conditions  in  terms  of  biological  activity,  but  rather  to  set  down  side 
by  side  a  summary  of  the  river  characteristics  and  of  the  biological 
findings  at  each  station  in  order  that  the  way  may  be  partially  pre- 
pared for  a  study  of  whatever  correlations  may  exist  between  the 
t^o.  That  such  correlations  do  exist  may  be  anticipated  from  gen- 
eral biological  principles;  and  certain  marked  tendencies  are  plainly 
apparent  in  the  data  that  will  be  presented  in  the  following  pages. 
It  is  only  by  the  painstaking  collecting,  recording,  and  analyzing  of 
a  large  amount  of  observational  data  of  this  sort  that  it  will  be  pos- 
sible to  arrive  at  a  state  of  knowledge  of  the  ecology  of  microscopio 
life  comparable  with  the  similar  knowledge  which  now  exists  in  the 
case  of  the  better-known  higher  plants  and  animals. 

THE  OHIO  BIVER. 

The  Ohio  River,  formed  in  southwestern  Pennsylvania  by  the  con- 
Soenoe  of  the  Allegheny  and  Monongahela  Rivers,  flows  in  a  general 
southwesterly  direction  and  empties  into  the  Mississippi  near  the 
iwesent  city  of  Cairo.  Its  total  length  of  967  miles  forms  the  divid- 
ing line  between  the  States  of  Ohio,  Indiana,  and  Illinois  on  the 
^rth  and  Kentucky  and  West  Virginia  on  the  south.  The  chief 
tributaries  from  the  north  are  the  Beaver,  Muskingum,  Scioto,  Miami, 
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and  Wabash  Rivers;  tributaries  from  the  south  are  Kanawha,  Lick- 
ing,  Kentucky,  Green,  Cumberland,  and  Tennessee  Rivers. 

The  total  area  of  the  watershed  drained  by  the  Ohio  and  its  tribu- 
taries is  203,000  square  miles  and  constitutes  the  major  portions  of 
the  States  named  above  (except  Illinois)  and  smaller  portions  of  New 
York,  Tennessee,  Alabama,  Illinois.  Pennsylvania,  Virginia,  and 
North  Carolina. 

This  watershed  is  in  general  characterized  in  the  eastern  part  by 
rugged,  hilly  country,  with  comparatively  small  flood  plains  and  level 
areas.  But  in  the  lower  and  western  portion  the  general  ruggedness 
gives  way  to  comparatively  large  stretches  of  rolling  or  nearly  level 
areas  along  the  less  rapid  main  stream  or  its  larger  tributaries, 
notablv  the  Wabash. 

The  geographical  position  of  the  main  stream  is  such  that  tribu- 
taries of  the  upper  portion  are  subject  to  rather  rigorous  winter  con- 
ditions, with  the  result  that  spring  thaws  produce  high  floods,  which 
erode  the  banks  and  scour  the  channels  of  tributaries  and  of  the  main 
stream  and  carry  very  large  amounts  of  suspended  matter  and  silt 
downstream.  Fluctuations  of  level  and  consequent  erosion  in  the^ 
upper  portions  are  further  induced  by  the  general  ruggedness  of  the 
watershed  and  the  relatively  steep  slopes  of  the  channels.  On  the 
other  hand,  such  tributaries  as  the  Cumberland  and  the  Tennessee 
Rivers,  coming  from  the  south  and  joining  the  Ohio  in  the  less  rug- 
ged lower  portion,  are  not  subject  to  such  extremes  of  temperature 
and  level. 

The  channel  of  the  main  stream  is  characterized  by  numerous 
islands,  bars,  wide  shallow  riffles,  and  a  few  deep  pools.  Hills  noted 
for  their  beauty  adorn  either  bank.  Flood  plains  are  few  and  com- 
paratively small  in  size.  There  are  no  extensive  back-water  areas, 
with  the  result  that  there  is  little  opportunity  for  flood  water  to  be 
retarded  by  temporary  overflow  on  such  lowlands.  These  natural 
checks  of  turbulent,  destructive  floods  are  practically  absent  in  the 
upper  two-thirds  of  the  Ohio  channel,  and  are  but  few  even  in  the 
lower  portions. 

These  natural  conditions  are  modified  somewhat  by  the  numerous 
dams  that  have  been  constructed  along  the  river.  These  now  nxmi- 
ber  38,  and  more  are  being  built.  Most  of  them  are  of  the  "bear- 
trap"  type,  so  constructed  that  they  may  be  laid  down,  allowing  the 
water  to  flow  over  their  sills  without  obstruction;  or  at  low  stages 
they  may  be  raised,  forming  pools  of  sufl&cient  depth  for  river  trans- 
portation purposes.  Ultimately,  by  the  aid  of  these  dams,  the  river 
will  be  navigable  from  mouth  to  the  source  at  Pittsburgh,  and  the 
series  of  pools  thus  formed  will  profoundly  affect  the  biology  of  the 
stream. 
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The  main  sources  of  direct  sewage  pollution  of  the  Ohio  River  are 
the  metropolitan  districts  of  Pittsburgh,  Cincinnati,  and  Louisville. 
Relatively  small  amounts  of  polluting  matter,  chiefly  sewage,  are 
contributed  by  Wheeling,  Huntington,  Portsmouth,  Evansville,  and 
Paducah.  Certain  tributaries  whose  well-populated  vallejrs  find  con- 
venient disposal  of  their  sewage  in  the  local  stream  tend  to  increase 
by  a  small  margin  the  load  already  carried  by  the  main  stream. 
This  is  true  of  the  Beaver  River,  also  of  the  Scioto.  The  majority  of 
the  tributaries,  however,  tend  to  dilute,  rather  then  to  concentrate, 
the  sewage  content  of  the  Ohio. 

The  initial  pollution  at  Pittsburgh  consists  essentially  of  the  un- 
treated sewage  from  a  population  of  1,000,000,  in  round  numbers, 
together  with  a  large  amount  of  industrial  wastes,  details  of  which 
will  be  given  elsewhere  in  the  complete  Ohio  report.  The  second 
heavy  pollution  occurs  at  Cincinnati,  where  the  river  receives  the 
untreated  sewage  from  more  than  half  a  million  population.  How* 
ever,  in  the  480-mile  flow  from  Pittsburgh  the  stream  has  largely  re- 
covered from  the  initial  pollution  and  has  been  augmented  by  tribu- 
taries until  the  volume  of  water  at  Cincinnati  is  more  than  four 
times  that  at  Pittsburgh.  Similarly,  at  Louisville  the  pollution 
incident  to  a  population  of  300,000  is  received  by  the  stream  which, 
after  a  flow  of  120  miles  from  Cincinnati,  has  been  increased  measur- 
ably by  the  advent  of  the  relatively  clean  Miami  and  Kentucky 
Rivers,  thus  increasing,  rather  than  diminishing,  its  capacity  for  the 
disposal  of  the  organic  matter  received  at  Louisville. 

THE   PITTSBURGH   DISTRICT. 

In  brief,  certain  of  the  factors  that  may  affect  the  biological  situ- 
ation at  Pittsburgh  are: 

Two  streams,  the  Allegheny  from  the  north  and  the  Monongahela 
from  the  south,  with  unequal  volumes  of  dissimilar  waters,  unite  to 
form  the  Ohio. 

The  Allegheny,  contributing  60  per  cent  of  the  water,  is  character- 
ized by  severe  winter  conditions,  a  quick-spilling  basin,  steep  and 
uniform  slope,  widely  scattered  population  and  points  of  pollution, 
And  a  short  time-factor  for  biological  action  in  the  24 -mile  slack- 
water  basin  formed  by  three  dams  just  above  Pittsburgh.  The 
water  is  alkaline  and  usually  turbid. 

The  Monongahela,  contributing  40  per  cent,  has  comparatively 
mild  winter  conditions.  Floods  from  the  quick-spilling  basin  are 
checked  by  the  131-mile  slack-water  stretch  formed  by  continuous 
dams,  which  thus  insure  a  long  time-factor  for  sedimentation  and 
biological  reduction  of  sewage  and  waste  from  a  large  and  concen- 
^ted  population  and  from  industrial  establishments  lining  the  river 
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banks.     The  water  is  generally  acid  from  mine  drainage  and  but 
slightly  turbid. 

A  slack-water  basin  extending  nearly  5  miles  below  PittBburgh 
(except  during  high  water)  receives  these  two  tributaries,  together 
with  large  amounts  of  imtreated  sew^e  and  industrial  wastes  dis- 
charged directly  into  this  basin  along  Pittsburgh's  total  water  frontr 
age  of  31^  miles. 

Finally,  abundance  of  organic  material  in  various  stages  of  decom- 
position, restored  alkaline  reaction,  and  a  considerable  time  element 
constitute  a  favorable  environment  for  biological  action  at  this  point. 

Samples  were  taken  from  each  of  the  two  rivers  at  points  some 
distance  above  the  point  of  confluence  and  above  the  portion  of 
the  Pittsburgh  water  front  where  sewage  and  wastes  are  added  to 
the  river.  The  sampling  point  for  the  Allegheny  River  is  7  miles 
upstream  from  the  confluence  of  the  two  streams,  and  is  designated 
by  A~7.  The  Monongahela  sampling  point  is  12  miles  above  the 
confluence  and  its  designation  is  M-12.  At  0-3,  3  miles  below 
'  the  confluence,  samples  were  taken  to  ascertain  the  content  of  the 
mixed  waters.  Similarly,  0-23  designates  a  sampling  point  suffi- 
ciently far  below  Pittsburgh  to  insure  thorough  mixture,  as  well  as  a 
considerable  time  interval  for  biological  action  and  sedimentation^ 
through  the  agency  of  five  successive  pools  formed  by  as  many  dams. 
Samples  were  also  taken  in  the  mouth  of  the  Beaver  River,  which 
enters  the  Ohio  25  miles  below  Pittsburgh. 

.  Water  from  these  five  sampling  points  show  the  biologic4il  condition 
of  the  streams  on  reaching  the  Pittsburgh  district,  but  before  the 
access  of  sewage  and  wastes  from  the  city  itself;  after  the  two  tribu- 
taries combine  and  have  meantime  received  sewage  and  industrial 
wastes  in  large  amount  from  Pittsburgh;  after  the  complete  mixing, 
sedimentation,  and  detention  caused  by  the  five  dams;  and  at  the 
mouth  of  the  Beaver  River. 

The  average  results  of  weekly  examinations  made  during  the  montlis 
of  August,  September,  and  October,  1914.  are  given  in  Table  No.  6 
(p.  53)  and  the  principal  features  are  shown  graphically  in  plank- 
tograph  No.  1  (p.  58). 

Station  M-12, — Ten  weekly  samples  taken  at  M-12  during  a  period 
of  relatively  stable  conditions  of  temperature,  river  stage,  and  tur- 
bidity showed  a  relatively  constant  content  of  organisms,  both  as  lo 
amount  and  kind.  Organisms  averaged  5.3  to  6.4  per  cent  of  catcb 
(monthly  averages).  Rotifers  constituted  89  to  96  per  cent  of  all 
organisms  present.  Lack  of  variety  and  total  absence  of  green  alga? 
further  characterized  the  plankton. 

This  sampling  point,  located  near  the  lower  end  of  the  131-mile 
slack-water  stretch,  represents  water  which  has  been  subject  to  heavy 
pollution  by  sewage,  by  industrial  wastes,  and  by  drainage  from  coal 
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mines.  But  it  has  also  enjoyed  the  great  advantage  of  a  long  time- 
faelor.  Except  for  one  item,  this  combination  of  factors  would,  in 
all  likelihood,  insure  great  productiveness  and  activity  among  the 
plankton  organisms,  for  food  is  abundant  and  the  impoimded  water 
gives  ample  time  and  quiet  for  reproduction.  The  factor  whose  effect 
is  not  definitely  kno>¥n  is  the  mine  drainage  and  the  pickling  wastes 
from  steel  mills,  which  tend  to  make  the  water  acid  in  reaction.  The 
bacterial  content  of  the  water  is  very  low  and  out  of  all  proportion  to 
the  large  amoimts  of  pollution  entering  the  river.  It  is  extremely 
probable  that  any  substance  thus  toxic  to  bacteria  would  to  an  ap- 
preciable extent  affect  the  plankton  forms  also. 

Further  data,  and  laboratory  experiment  as  well,  are  necessary 
before  it  may  be  said  in  just  what  manner  this  unfavorable  environ- 
ment affects  the  smaller  organisms  of  the  plankton.  The  effect  may 
be  direct,  especially  to  plantlike  organisms,  resulting  in  the  more  or 
less  speedy  death  of  these  minute  forms  when  the  water  in  which  they 
have  been  roared  is  presently  mingled  with  that  in  the  lower  part  of 
I  he  slack-water  basin  where  the  reaction  is  prevailingly  acid.  Or  the 
effect  may  be  exerted  indirectly  by  the  killing  off  of  the  bacteria  which 
form  a  large  part  of  the  food  supply  of  many  of  those  plankton  organ- 
isms which  ingest  food  particles  rather  than  absorb  dissolved  material 
as  do  plants.  Regardless  of  the  acidity  of  the  water,  these  organisms 
could  not  be  present  in  numbers  when  their  chief  food  supply  is  not 
to  be  found.  It  has  been  observed  repeatedly  (Kofoid,  1904,  pp.  116, 
117,  120)  that  such  forms  as  those  mentioned  above  disappear  from 
the  water  when  a  considerable  degree  of  purification  is  indicated  by 
the  diminishing  numbers  of  bacteria.  There  is  a  vital  relationship  of 
some  kind  existing  between  them. 

Plankton  is  abundant  at  M-12,  however,  but  it  is  limited  to  a  very 
few  organisms.  Rotifers  constitute  89  to  96  per  cent  of  all  organisms 
found,  and  these  rotifers  are  of  two  kinds  only. 

It  seems  reasonable  to  assume  that  these  narrow  limits  as  to  variety 
of  organisms  which  comprise  the  plankton  are  the  result  of  some  un- 
favorable influence  which  eliminates  all  forms  except  these  few 
varieties* 

The  question  of  food  supply  for  some  of  these  organisms  is  a  matter 
of  interest.  The  most  abundant  rotifer,  Brdchionus^  is  herbivorous,  or, 
at  any  rate,  omnivorous,  in  common  with  most  of  the  ploiman  rotifers 
^Kofoid,  1904,  p.  145),  and  is  thought  to  find  most  of  its  food  in  phyto- 
plankton,  that  is,  minute  chlorophyll-bearing  organisms.  But  these 
minute  organisms  were  not  found  at  all  in  the  samples.  It  is  possible 
that  the  difficulties  of  recognizing  them  in  the  preserved  catch  might 
account  in  part  for  this  result,  but  such  human  limitations  would  not 
^ve  wholly  negative  results  in  every  sample  examined. 
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It  seems  probable  that  these  rotifers  would  find  their  chief  food 
supply  in  the  abundant  organic  matter  in  suspension  in  the  water 
incident  to  heavy  sewage  pollution  and  incident,  further,  to  the  absence 
of  sufficient  bacterial  life  to  dispose  of  this  material. 

We  thus  see  at  M~12  the  unusual  spectacle  of  a  plankton  which 
has  responded  to  the  very  favorable  conditions  of  environment, 
abundant  food,  and  very  long  time-factor,  but  which  has  meantime 
been  subject  to  some  biological  catastrophe  which  has  nearly  or  quite 
eliminated  the  first  few  links  in  the  chain  of  organisms  whose  inter- 
dependence arises  from  their  food  relations.  The  resulting  plankton 
is  large,  but  consists  of  a  very  small  variety  of  the  larger  organisms— 
the  biological  end-product  of  the  complicated  reactions  due  to  the 
dominant  factors  of  abundant  food,  long  storage,  and,  probably, 
acidity  of  water  at  this  station. 

Station  A-7. — In  the  Allegheny  at  Station  A-7  during  the  same 
period  the  temperature  ranged  from  24^  C.  to  16^  C,  turbidity 
from  practically  zero  to  60,  and  river  levels  recorded  by  the  gauge 
At  Freeport,  Pa.,  fluctuated  from  0.7  to  2.2.  The  monthly  average 
plankton  content  varied  from  0.2  to  1  per  cent  of  total  catch. 

Rhizopods  held  leading  place  in  September  and  diatoms  in  October 
Noticeable  features  of  plankton  were  variety  of  oi^nisms  present, 
onusual  scarcity  of  organisms  in  August  samples,  and  relatively 
small  plankton  yield  at  all  times. 

The  water  is  of  comparatively  recent  origin  owing  to  the  gradual 
and  considerable  slope  of  2  feet  per  mile  in  the  lower  85  miles  of  this 
river  and  owing,  further,  to  the  absence  of  any  slack-water  basin 
that  is  sufficient  in  size  to  impound  the  large  discharge  of  this  stream 
for  more  than  a  short  period.  The  river  is  thus  very  sensitive  to 
flood  conditions,  and  consequently  the  short  slack-water  stretch  just 
above  Pittsburgh  is  subject  to  quite  frequent  renewals  of  the  water. 
This  condition  is  disastrous  to  plankton  life  generally  (Kofoid,  1903, 
p.  468)  by  preventing  that  adequate  decay  of  sewage  which  would 
furnish  plankton  life  wi  th  abimdant  food  and,  further,  by  providing 
A  time-factor  which  is  far  too  short  for  the  breeding  of  plankton  in 
quantity.  The  partially  decayed  organic  material,  together  with 
such  plankton  as  may  be  present,  are  swept  on  into  the  Ohio  by  the 
frequent  floods. 

Conditions  similar  to  the  foregoing  were  found  in  the  study  of  the 
Illinois  River  by  Kofoid  (1903,  pp.  349,  458).  The  plankton  pro- 
duction of  a  certain  tributary  (Spoon  River)  averaged  only  one- 
fiftieth  that  of  the  main  stream,  and  the  only  available  explanation 
was  foimd  in  the  fact  that  the  water  of  the  tributary  was  of  recent 
origin  and  the  relatively  rapid  current  caused  such  frequent  renewal 
of  the  water  that  there  was  insufficient  time  for  the  breeding  of 
plankton  in  this  tributary  stream.     Kofoid  concluded:  *'  The  age  of 
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fht  water  is,  other  things  being  equal,  one  of  the  most  vital  of  all  the 
hydrographic  factors  environing  the  plankton/' 

The  organisms  found  in  samples  at  Station  A-7  apparently  reflect 
the  varied  and  somewhat  unstable  conditions  of  environment. 

For  some  reason  not  apparent,  August  samples  yielded  very  few 
organisms.  Turbidity  had  reached  a  maximum  of  90  the  day  pre- 
ceding our  first  collection,  although  the  gauge  at  Freeport  showed  a 
rise  in  levels  of  only  2  feet.  It  is  possible  that  this  influx  of  turbid 
water,  probably  from  some  tributary,  reacted  unfavorably  on  Au- 
gust plankton. 

September  samples  reflected  the  moderate  disturbance'  of  river 
levels  by  showing  predominance  of  the  rhizopods  Difflugia  and 
ArceJUij  both  of  these  organisms  belonging  normally  to  bottom  sedi- 
ments or  to  the  surface  of  decaying  plants  or  other  organic  matter. 
Their  prominence  in  plankton  samples  is  usually  a  function  of  dis- 
turbed conditions  of  stream  flow.  Holophytic  (planthke)  organisms 
we  moderately  abundant  as  a  result  of  comparatively  low  turbidity, 
premitting  access  of  sunlight.  In  turn,  the  rotifer  Anurseaj  which 
feeds  principally  on  minute  plant  life,  is  present  in  small  numbers. 
Anihophysa,  a  colorless  flagellate,  usually  abundant  in  contami- 
nated water,  is  present  also. 

Cooler  temperatures  in  October  favor  the  growth  of  diatoms, 
which  are  found  moderately  abundant.  A  rise  in  water  levels  brought 
the  bottom-loving  organisms  Difflugia  and  ArceUa  again  into  the 
plankton  in  the  last  sample,  together  with  a  large  amount  of  sus- 
pended matter. 

Station  OS, — Ten  weekly  samples  taken  at  0-3  during  this  period 
of  very  moderate  fluctuation  as  to  temperature  and  turbidity  show 
a  monthly  average  plankton  content  of  7.6  to  8  per  cent  of  the  total 
catch. 

Organisms  present  show  moderate  variety,  rotifers  predominating, 
comprising  91,  66,  and  61  per  cent  of  all  the  plankton  forms  in  the 
three  months,  taken  in  order.  Ciliates  appear  in  moderate  numbers. 
Crustacea  and  diatoms  are  present  in  small  nimibers.  Neither  dia- 
toms nor  alg»  appear  in  August,  both  are  found  in  September,  and 
algie  again  in  October. 

Hydrographic  conditions  were  so  nearly  uniform  and  stable  that 
the  plankton  catches  may  be  regarded  as  truly  representative  of 
prevailing  low-water  conditions  at  this  station — the  first  in  the  Ohio 
River  proper. 

Abundance  of  plankton  in  all  catches  means  that  suitable  food  for 
these  organisms  is  plentiful.  This  necessity  is  evidently  supplied 
partly  from  the  two  tributary  streams  that  unite  to  form  the  Ohio 
River  and  partly  from  the  great  volimie  of  sewage  and  industrial 
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waste  contributed  along  the  Pittsburgh  water  front.  It  is  evident 
that  this  organic  matter  thus  supplied  from  these  sources  will  vaiy 
greatly  in  age  and  in  stage  of  decomposition ;  that  from  the  Monon- 
gahela  having  been  subject  to  a  very  long  time  period,  but  in  water 
of  acid  reaction;  that  from  the  Allegheny  River  representing  a  vari- 
ety of  ages  on  account  of  the  widely  scattered  locations  of  the  towns 
on  its  watershed ;  and,  finally,  the  sewage  and  waste  from  Pittsburg 
representing  a  comparatively  fresh  condition. 

It  would  seem  that  this  organic  material  of  different  kinds,  of  dif- 
ferent ages,  and  hence  in  various  degrees  of  decomposition,  would 
supply  aJl  necessary  food  requirements  for  a  large  and  varied  assort- 
ment of  plankton  organisms. 

The  slack-water  basin  formed  by  the  dam  a  short  distance  below 
this  sampling  point  provides  comparatively  still  water  along  the  en- 
tire Pittsburgh  water  front,  thus  imposing  on  the  mingled  watos 
forming  the  Ohio  River  a  moderately  long  time-factor  which  would 
tend  to  encourage  biological  activity.  This,  with  the  presence  of 
abundant  food,  should  produce  a  heavier  growth  of  plankton  than 
we  find  at  0-3. 

Reference  to  the  chemical  data  reported  in  another  section  will 
show  that  during  August,  September,  and  October,  when  our  samples 
were  taken,  the  acidity  of  the  Monongahela  had  been  neutralized  by 
the  alkaline  water  of  the  .\llegheny  and  the  acid  salts  of  the  Monon- 
gahela had  been  largely  eliminated.  There  are  probably  many  reac- 
tions and  adjustments  taking  place  of  which  we  have  no  direct  knowl- 
edge.    We  know  only  these  end  reactions  or  the  final  outcome. 

This  beginning  of  the  Ohio  River  at  Pittsburgh  is  evidently  the 
arena  in  which  the  dissimilar  waters  of  the  two  tributaries  settle 
their  differences  of  chemical  reaction  and  physical  condition  and  ac- 
quire the  final  adjustments  which  appear  in  samples  taken  at  0-11, 
this  final  outcome  being  hastened,  or  variously  modified,  presumably, 
by  the  large  amount  of  industrial  wastes  and  sewage  introduced 
at  Pittsburgh. 

It  seems  highly  probable  that  the  acidity  of  the  Monongahela  might 
at  times  be  a  factor  at  0-3,  for  occasional  acidity  was  noted  in  daily 
samples  at  0-11,  where  chemical  samples  were  taken.  This  prob- 
ability is  strengthened,  moreover,  by  the  fact  that  during  one  month 
of  this  period  (August)  the  discharge  of  the  Monongahela  was  2,070 
second-feet  and  that  of  the  Allegheny  was  1,660  second-feet,  a 
reversal  of  the  usual  order  of  relative  discharge  of  these  streams. 

Any  such  occasional  acidity  at  0-3  would  be  likely  to  exert  un- 
favorable influence  on  the  development  of  plankton  life,  as  is  the 
case  at  M-12.  Moreover,  the  various  changes  in  the  concentration 
of  dissolved  materials  (including  acid  salts)  that  must  be  a  part  of 
the  process  of  readjustment  in  this  physiochemical  arena  would  un- 
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doubtedly  show  a  biological  reflection  in  a  decreased    plankton 
production. 

The  plankton-poor  water  of  the  Allegheny  will  function  as  a  dilu- 
ent of  Uie  more  abundant  plankton  contributed  by  the  Monongahela. 
Inasmuch  as  the  usual  discharge  of  the  Allegheny  is  considerably  in 
excess  of  that  from  the  other  tributary,  it  is  no  surprise  that  the  plank- 
ton at  0-3  reflects  this  diminished  relative  value  and,  to  some  ex- 
tent, shows  something  of  the  variety  of  organisms  which  character- 
izes the  scanty  plankton  contributed  by  the  larger  stream, 

Abundance  of  organic  matter  is  indicated  at  0-3  by  the  preva-* 
lence  of  the  same  rotifers,  Bmchioniis  and  Rotifer  vtdganiSf  which  we 
find  predominant  at  M-12.  Distinctly  polhitional  organisms,  Ati^ 
thophyaa  of  the  Mastigophora  and  VorticeUa  and  Epistylis  of  the 
Ciliata,  appeared  in  five  samples.  VorUceUa  formed  29  per  cent  of 
the  entire  catch  in  one  of  these  samples  and  from  1  to  9  per  cent  in 
three  other  samples.  Rotifer  actinurus,  a  pollutional  organism 
(Forbes  and  Richardson,  1913,  pp.  502,  513),  appeared  in  moderate 
abundance  in  1  sample,  while  in  7  of  10  samples  the  contaminate 
Rciifer  vulgaris  was  abundant. 

StatUmO-23, — ^At  Station  0-23, 10  weekly  samples  taken  during  a 
period  of  relative  quiet  as  to  water  conditions  show  a  moderate  as- 
sortment of  organisms.  Rotifers  predominate  in  two  months  and 
Crustacea  in  one.  Diatoms  are  abundant  in  one  August  sample 
Green  alg»,  Mastigophora,  and  ciliates  are  present  in  rather  small 
numbers.  A  noticeable  feature  of  collections  here  is  the  decline  of 
rotifers  as  the  leading  plankton  and  the  gradual  advent  of  Crustacea. 

Diatoms  (Synedra  delicatiasifna)  are  abimdant  in  one  sample  only, 
that  of  August  25.  Temperature  was  24^  C.  The  sudden  appearance 
of  this  organism,  which  is  usually  more  abundant  in  cool  weather  than 
in  warm,  seems  to  be  without  explanation  except  for  the  fact  that  the 
**  bear  traps''  had  been  lowered  a  few  days  before  and  the  pools  were 
drained  of  some  of  their  surface  water.  This  disturbance  and  read- 
justment of  levels  might  be  responsible  for  the  appearance  at  this 
station  of  the  relatively  large  number  of  diatoms  whose  growth  and 
multiplication  had  probably  taken  place  in  some  sheltered  bit  of 
water  in  one  of  the  upstream  dams.  It  is  worth  noting,  also,  that  an 
unusual  nim[iber  of  Braek%onu8  (the  same  rotifer  that  is  so  abundant 
at  O-S  and  at  M-12)  appeared  in  this  same  August  sample  at  0-23. 
The  lowering  of  the  "bear  traps''  was  reported  August  18,  one  week 
before  this  sample  was  taken. 

The  list  of  organisms,  together  with  relative  abundance  of  certain 
kinds,  indicates  some  improvement  in  the  water.  Two  organisms  of 
recognized  pollutional  affinities,  Euglena  viridis  and  one  of  the  VorH- 
eeUidsR,  were  present  in  moderate  amoimt  in  one  sample,  and  a  very 
few  of  the  former  organism  in  a  second  sample.     However,  the  pres- 
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ence  of  Brachionus  in  5  of  the  10  samples  would  indicate  sufficient 
organic  matter  to  furnish  food  to  this  rotifer,  which  is  classed  by 
some  writers  as  a  contaminate  organism.  (Eyferth,  1909,  p.  534.) 
On  the  other  hand;  the  better  condition.of  the  water  is  attested  by 
the  fact  that  the  pollutional  rotifers  R,  actinunis  and  R.  vulgam, 
which  were  fairly  abundant  at  0-3,  are  entirely  absent  here;  the 
pollutional  protozoa  Anthophysa  and  Epistylis  are  likewise  absent. 
Moreover,  a  rotifer  of  recognized  cleaner  water  environment,  Anurma 
(Kofoid,  1904,  p.  151),  is  here  found  in  four  samples^  while  it  was 
entirely  absent  at  0-3.  The  minute  alg»  which  constitute  much  of 
the  food  of  this  rotifer  is  present  at  both  0-3  and  0-23. 

Perhaps  the  most  notable  feature  of  plankton  at  this  station  lies 
in  the  fact  that,  while  rotifers  hold  first  place  quantitatively  in  August 
and  September,  the  Crustacea  (Cydops)  assume  this  r6le  in  October 
and  maintain  it,  as  far  as  rotifers  are  concerned,  in  plankton  coUec 
tions  farther  down  the  river  at  Wheeling.  In  food  habits  Oydops  is 
a  scavenger  (Herrick,  1884),  and  its  presence  means  the  destruction 
of  much  of  the  organic  matter  that  has  thus  far  escaped  or  survived 
the  attacks  of  bacteria,  cilia tes,  and  certain  rotifers. 

This  station  is  in  the  lower  part  of  pool  formed  by  Dam  No.  5, 
hence,  between  the  last  station  considered,  0-3,  and  this  point  inter- 
venes a  stretch  of  20  miles  of  water,  all  of  which  is  impounded  by  Dams 
Nos.  1  to  5,  inclusive.  According  to  data  given  in  the  hydrometiic  sec- 
tion of  the  full  report,  *  the  time  of  flow  between  these  two  stations 
was  5.59  days  in  August,  6.20  in  September,  and  12.49  days  in 
'  October  1-15.  It  will  thus  be  seen  that  the  time  interval  concerned 
is  out  of  all  proportion  to  the  distance  traversed.  That  this  very 
slow  movement  of  water  provides  sufficient  time  interval  for  con- 
siderable biological  activity  would  seem  to  be  demonstrated  by  the  fact 
that  the  plankton  at  0-23  is  reduced  in  net  amount  and  changed  in 
regard  to  the  predominating  organisms. 

Beaver  River. — Samples  from  the  Beaver  River  show  a  varying  and 
rather  abundant  plankton  made  up  of  a  well-balanced  variety  of 
forms  and  contributing  from  4  to  13  per  cent  of  the  total  catch. 

Diatoms  appear  in  every  catch  and  are  relatively  abimdant  in 
eight  catches,  forming  from  17  to  86  per  cent  of  all  organisms  in  the  re- 
spective catches,  the  larger  values  being  confined,  with  one  exception, 
to  the  cooler  temperatures  of  the  last  four  weeks,  September  15  to 
October  15.  Synedra  delicatissima  was  most  abundant,  appearing  in 
every  sample  but  one  and  forming  the  bulk  of  the  entire  catch  in  the 
last  four  samples,  seemingly  favored  by  the  cooler  weather.  S,  biceps 
and  S.  vlna,  the  latter  classed  by  Senft  (1905)  as  a  pollutional  organ- 
ism, were  present  in  moderate  numbers  in  nearly  all  samples. 

1  Not  7et  published. 
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Minute  green  algae,  consisting  of  fragments  of  very  small  filamen- 
tous forms  together  with  the  unicellular  Pedinstrum  and  Scenedesmua, 
formed  from  2  to  27  per  cent  of  organisms  in  nearly  all  the  catches. 
Small  amounts  of  blue-greens  were  found  in  four  samples.  Chloro- 
phyll-bearing flagellates  of  the  Mastigophora,  chiefly  Euglena  viridia, 
Dinobryon,  and  PhacuSj  were  present  in  similar  amounts.  The  dia- 
toms, algse,  and  green  flagellates  thus  aggregate  a  volume  of  synthetic 
or  plantlike  organisms  which  is  somewhat  greater  than  the  volume 
of  plankton  animals,  as  will  be  seen. 

Of  the  plankton  animals,  Diffiugia,  a  bottom  rhizopod,  was  present 
in  two  samples,  one  of  which  was  taken  during  rising  levels  and  the 
other  following  the  crest  of  a  rise.  Cilia tes  were  represented  by 
CodcneUa  and  TirUxunuSy  sparingly  found  in  two  samples.  This 
scarcity  of  ciliates,  which  are  usually  abundant  in  contaminated 
water,  is  surprising,  in  consideration  of  the  fact  that  the  presence  of 
pollution  is  indicated  by  Euglena  viridis  in  a  majority  of  the  samples, 
and  a  similar  organism,  PluicuSj  is  foimd  in  four  samples. 

Three  samples  contain  the  rotifer  BrcuJiionus  in  small  to  moderate 
numbers,  and  the  contaminate  rotifer  B.  vulgaris  was  found  in  two 
samples,  but  in  small  numbers.  The  rotifer  Anurs^a  cochlearisy  which 
is  not  characteristic  of  great  pollution  but  abounds  in  water  contain- 
ing only  moderate  amounts  of  organic  matter,  was  moderately  abun- 
dant in  8  of  the  10  samples.  It  is  noticeable  also  that  the  minute 
chlorophyll-bearing  organisms  that  form  the  greatest  part  of  the  food 
of  this  rotifer  (Kofoid,  1904,  p.  151)  were  found  in  all  samples  but 
one. 

Crustacea  appeared  sparingly  in  two  samples  only.  Cyclops,  the 
leading  form,  thrives  best  in  a  stable  environment  as  to  water  move- 
ment, (Kofoid,  1904,  pp.  260,  267.)  The  mild  but  frequent  fluc- 
tuations of  the  Beaver  River  during  this  period  may  explain,  in  part 
at  least,  the  scarcity  ot  Crustacea.  These  disturbances  of  water  levels 
will  also  explain  the  presence  in  four  samples  of  a  few  nematode 
worms  which  normally  live  in  bottom  ooze  or  in  decaying  matter 
which  would  be  disti^rbed  by  fluctuating  movements  of  water. 

The  relatively  heavy  plankton  of  the  Beaver  River,  averaging  4  to 
13  per  cent  of  the  average  total  catch,  indicates  that  conditions  are, 
on  the  whole,  favorable  for  plankton  production.  The  one  unfavor- 
able condition  thus  far  observed  is  found  in  the  somewhat  unstable 
hydrographic  conditions.  The  fact  that  this  does  not  seem  to  inter- 
fere with  the  pi;)Bsence  of  relatively  abundant  plankton  would  seem 
to  indicate  that  other  vital  factors  of  plankton  production  are  at 
their  best,  thus  compensating  in  some  degree  for  the  imfavorable 
condition  mentioned.  It  is  therefore  evident  that  food,  in  all  proba- 
bility sewage,  is  present  in  considerable  amount,  and  in  such  stages 
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of  decomposition  as  will  best  suit  the  requirements  of  such  organisms 
as  constitute  the  plankton.  Toxic  conditions,  such  as  the  acidity  of 
water,  which  apparently  limits  to  a  few  resistant  organisms  the  plank- 
ton of  the  Monogahela  River,  are  evidently  absent  from  the  Beaver 
River,  for  a  large  variety  of  organisms  is  included  in  the  list  of 
plankton. 

Bottom  deposits. — In  addition  to  the  samples  of  water  taken  for 
examination,  a  series  of  20  samples  of  bottom  mud  was  collected 
for  the  study  of  the  life  upon  the  bottom  of  the  stream.  The  samples 
represented  four  of  the  five  stations  of  this  district,  it  having  been 
impossible  to  obtain  any  mud  at  the  bottom  at  Station  0-23. 

The  tubificid  worm,  LimnodrUus,  characteristic  of  sewage  pollution, 
was  found  at  each  of  the  stations,  but  in  increasing  numbers  with 
increasing  pollution.  It  was  comparatively  rare  in  the  Monongahela, 
and  present  in  great  abundance  at  Station  0-3. 

Some  Chironomus  larvsd  and  the  associated  form  Tanypus  were 
found  occasionally. 

In  general,  results  are  what  might  be  expected  from  the  kno^n 
facts  concerning  the  condition  of  pollution  of  the  waters.  The  un- 
favorable effect  of  acidity  is  also  observed,  although  here  again  it  can 
not  be  stated  whether  this  effect  is  primary  or  secondary. 

SUMMARY   OP  BIOLOGICAL  CONDITIONS  IN   THE   PITTSBURGH  DISTRICT. 

The  nearly  equal  urban  and  sewered  populations  of  the  two  con- 
tributing watersheds  tend  to  produce  waters  that,  without  consider- 
ation of  other  factors,  upon  their  arrival  at  Pittsbuigh  are  similarly 
contaminated.  But  the  great  variation  of  climatic^  physical,  and 
other  factors  make  of  the  two  streams  distinctly  different  biological 
habitats.  Prominent  among  these  differences  are  geographical  posi- 
tion, size  of  catchment  area,  slope  of  valley,  detention  of  water  by 
pools  and  dams,  amoimt  and  kind  of  industrial  wastes  and  mine 
drainage,  and,  finally,  the  distribution  of  population  with  reference 
to  the  time  of  flow  from  the  points  of  pollution  to  the  confluence  at 
Pittsbuigh. 

The  average  yield  of  plankton  in  the  lower  Monongahela  is  consid- 
erably greater  than  that  of  the  lower  Allegheny.  This  condition  is 
ascribed  to  the  long  storage  period  to  which  the  Monongahela  water 
is  subjected,  and  the  resulting  age  of  the  water,  permitting  extensive 
development  of  plankton  life  in  the  nearly  motionless  waters  rich  in 
the  accumulated  products  of  decay  of  organic  matter. 

But  this  heavy  plankton  is  limited  to  a  small  assortment  of  organ- 
isms, presumably  because  the  acid  condition  of  the  water  kills  off 
the  smaller  ones  and  the  less  resistant  of  the  larger  forms,  both 
plant  and  animal,  leaving  to  few  surviving  varieties  the  very  large 
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supply  of  rich  food  that  must  be  present  in  this  old  and  heavily  pol- 
luted water.  The  possibility  of  an  acquired  immunity  having  resulted 
from  continuous  exposure  of  successive  generations  to  the  acidity  of 
the  water  is  an  interesting  biological  contingency. 

The  smaller  plankton  yield  of  the  Allegheny  seems  to  be  due  chiefly 
to  water  movement  and  consequent  frequent  replacement  of  water 
by  that  of  more  recent  origin,  thus  cutting  short  the  time  .period  re- 
quired for  plankton  production  and  for  the  requisite  degree  of  de- 
composition of  organic  matter  which  results  in  suitable  food  for  plank- 
ton organisms. 

The  waters,  on  combining,  are  subjected  to  a  further  time  period 
of  two  to  four  days  in  reaching  Station  0-3,  receiving  in  the  mean- 
time a  large  amount  of  sewage  and  of  various  industrial  wastes  along 
the  Pittsburgh  water  front.  The  plankton  at  this  station  is  not  as 
large  as  conditions  of  food  supply  and  time-factor  seem  to  warrant, 
the  discrepancy  being  due,  in  all  probabihty,  to  the  presence  of  harm- 
ful substances  among  the  numerous  industrial  wastes  discharged  into 
the  river.  Before  0-23  is  reached  Dams  Nos.  1  to  5  have  impounded 
the  water  for  an  additional  period  of  5|  to  12  days.  The  resulting 
plankton  at  0~23  is  reduced  in  net  amount  and  changed  in  character. 

Organiams  at  M-12  can  hardly  be  regarded  as  characteristic  of 
pollution,  except  one  rotifer  (R.  vulgaris),  which  is  so  classed  by 
Eyferth  (1909)  and  was  found  in  7  of  the  10  samples. 

The  small  amount  of  plankton  at  A~7  exhibits  a  varied  assortment 
of  organisms  which  do  not,  as  a  wholes  indicate  pollution.  One  dis- 
tinctly pollutional  organism  is  relatively  abundant  in  one  sample  and 
is  present  in  a  second. 

In  plankton  from  0-3  distinctly  pollutional  and  contaminate  or- 
ganisms are  present  in  every  sample  but  one. 

Plankton  from  0-23  shows  known  pollutional  organisms  in  two 
samples.  The  presence  of  the  cleaner  water  rotifer  Anursea  in  four 
samples,  together  with  the  decline  of  rotifers  as  a  class  and  the  cor- 
responding increase  of  Crustacea,  are  significant  of  some  improvement 
in  the  water  since  leaving  Station  0-3. 

The  Beaver  River  yields  an  abundant  and  well-assorted  plankton, 
in  which  diatoms  predominate.  The  rotifer  Anuraea  is  foimd  in  most 
samples.  Pollutional  organisms  are  present  in  moderate  and  small 
numbers  in  8  of  the  10  samples. 

Mud  samples  give  throughout  evidence  of  pollution. 
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Table  No.  3. — Organisms  of  bottom  mud  as  a  pollution  index  of  Ohio  River. 


District. 


Pittsbursh. 


Wheeling... 
Portsmouth 


ClnrtnTifttl. 


Louisville. . . 


Sampling 
stauon. 


M-12 

A-7 

0-3 

No  mud  found. 

840 

358 

461 

475 


492. 

506. 
619. 


Paducah. 


The  start  at. 
The  finish  at. 


904. 

920. 

933. 

0-3, 

933. 


Time  interval  included. 


Num- 
ber of 
mud 
sam- 
ples 
200  c.  c. 
eadi. 


PoUutiooal 
organisms. 


Doubtful  and 
indifferent 
organisms. 


In  all 
mud 
sam- 

^i 

num- 
ber. 


August  to  Oct,  15, 1914 

do 

....do 


August  to  Oct.  15, 1914 

do 

July  20  to  Nov.  20,  1914 

July,  1914,  to  November, 
1915. 

September  1914,  to  Decem- 
ber, 1915. 

do 

September,  1914,  to  Apr.  30, 
1915. 

September  to  Oct.  15, 1914, 

do 

do 

August  to  Oct.  16, 1914 

September  to  Oct.  15, 1914. . . 


4 

5 
5 


4 

4 

9 

«1 


09 
4 

4 

2 
5 
5 
5 


112 

189 

2,909 


22 

10 

4 

5,566 

36 

796 
80 

11 

0 

1 

2,909 


Aver- 
age 
per 
sam- 
ple. 


3 

38 

582 


5 
3 


In  all 

mud 

Avw- 

sam- 

•ge 

ples; 
total 

per 
sam- 

num- 

ple. 

ber. 

0 

14 

3 

4 

1 

91 

12 

12 
20 


582 


10 

28 

22 

137 

15 

483 
101 

12 
5 
7 
4 

7 


S 

7 
3 

i 


7 
25 

3 

8 
1 
1 
1 


1  Small  number  of  organisms  may  be  due  in  part  to  add  condition  of  water. 


THE   WHEELING   DISTRICT. 


The  significant  features  in  the  biological  situation  in  the  Wheeling 
district  are  these: 

The  water  from  the  Pittsburgh  district,  contaminated  with  sewage 
and  industrial  wastes,  with  some  inhibitory  influence  by  the  acid 
water  of  the  Monongahela,  has  been  exposed  to  95  miles  of  flow,  the 
time  interval  of  which  will  vary  greatly,  according  to  the  stage  of 
the  river. 

Twenty-five  miles  below  Pittsburgh  the  Beaver  River,  draining 
3,000  square  miles,  enters  the  Ohio. 

A  moderate  amount  of  comparatively  fresh  sewage  and  industrial 
waste  from  two  districts  50  and  70  miles,  respectively,  below  Pitts- 
burgh affects  the  water. 

Sewage  and  industrial  w^astes  from  Wheeling  constitute  a  moderate 
secondary  contamination.  This  is  lessened  somewhat  by  the  pre- 
liminary treatment  afforded  a  portion  of  the  sewage  and  slaughter- 
house refuse  by  the  septic  Wheeling  Creek. 

Dam  No.  13  forms  an  11-mile  slack-water  basin  extending  along 
the  Wheeling  water  front  and  several  miles  above  the  city.  A  popu- 
lation of  about  75,000  contributes  untreated  sewage.  Industrial 
wastes,  consisting  of  slaughterhouse  refuse,  waste  from  steel  mills, 
and  some  mine  drainage,  are  discharged  along  both  sides  of  the  water 
front.     Most  of  the  slaughterhouse  waste  is  first  discharged  into  the 
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backed-up  water  of  Wheeling  Creek,  which  is  bubbling  and  offensive 
in  consequence  of  the  septic  action  resulting. 

Three  sampling  stations  were  utilized  in  the  study  of  the  waters 
of  this  district.  The  upper  station,  0-65,  is  40  miles  below  the 
mouth  of  the  Beaver  and  25  miles  above  Wheeling;  the  middle 
station,  0-77,  lies  between  Steubenville  and  Wheeling;  and  the  lower 
station,  0-97,  is  at  the  lower  end  of  the  basin  formed  by  Dam  No.  13 
and  about  6  miles  below  Wheeling,  all  in  slack  water  at  low  river 
stages. 

Samples  were  taken  at  weekly  intervals  from  each  of  these  stations 
during  August,  September,  and  October,  1914.  The  hydrographic 
conditions  were  unusually  stable.  The  average  results  of  these 
examinations  are  recorded  in  Table  No.  1,  page  14,  and  the  principal 
features  are  shown  graphically  in  planktograph  No.  2. 

Station  0-65, — This  station  jrielded  a  moderately  light  plankton 
containing  few  pollutional  organisms,  but  with  crustacean  scavengers 
rather  abimdant.     ** 

The  Beaver  River  and  East  Liverpool,  20  miles  above  this  point, 
constitute  the  only  recent  pollution.  The  Beaver  River  increases 
the  volume  of  the  Ohio  by  about  10  per  cent  and  contributes  a 
heavy  plankton  made  up  of  a  varied  assortment  of  organisms.  After 
40  miles  of  flow  and  with  these  influences  at  work  the  station  under 
consideration  yields  a  plankton  which  differs  from  that  at  Station 
0-23  in  being  less  abundant  and  in  showing  better  biological  balance. 

Three  dams  are  located  in  the  stretch  between  the  mouth  of  Beaver 
River  and  Station  0-65.  The  impounding  action  is  accentuated  by 
the  low  water  levels  prevailing  in  the  Ohio  River  during  this  period. 

The  hydrometric  studies  show  that  the  mean  time  interval  between 
0-23  and  0-65  during  1914  was  4.9  days  in  August,  6.14  days  in 
September,  and  11.35  days  in  the  first  half  of  October. 

Station  0-77. — The  important  features  of  the  results  at  Station  0-77 
as  contrasted  with  those  at  Station  0-65  are  the  greater  abundance 
of  plankton,  the  increased  proportion  of  Crustacea,  the  higher  numbers 
of  diatoms  and  lower  numbers  of  algae,  and  the  r^ular  occurrence  in 
flooall  numbers  of  Euglena  viridis  of  recognized  pollutional  habitat. 

The  two  stations  are  essentially  similar  in  regard  to  the  organisms 
that  predominate.  In  both,  diatoms  lead,  except  in  Ai^ust  at  Sta- 
Uon  0-77,  and  Crustacea  are  abundant,  exceeding  the  rotifers  in 
total  volume. 

The  relatively  large  amount  of  plankton  is  significant,  considering 
the  fact  that  thus  far  there  has  been  a  successive  and  consistent 
decrease  as  the  Stations  0-3,  0-23,  and  0-65  are  reached.  It  is 
indicated,  therefore,  that  the  steady  decrease  in  plankton  content 
noted  in  the  upper  stations  was  due  to  food  exhaustion,  and  that 
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this  decrease  has  been  temporarily  arrested  by  the  addition  of  a  con- 
siderable amount  of  sewage  from  Steubenville  and  Wellsburg, 

Station  0-97. — Notwithstanding  access  of  sewage  and  industrial 
waste  from  Wheeling  and  the  slight  impounding  action  of  Dam  No.  13, 
plankton  at  0-97  showed  a  decrease,  instead  of  an  increase,  as  com- 
pared with  plankton  from  0-77. 

Differences  in  the  biological  balance  and  in  the  predominating 
organisms  give  somewhat  uncertain  evidence  of  the  activity  of  some 
unfavorable  factor  which  may  be  responsible  for  the  lack  of  normal 
increase  in  plankton. 

Few  poUutional  organisms  are  present.  Crustacean  scavengers 
are  abundant,  however.  Cleaner  water  organisms  are  moderately 
abundant. 

Bottom  deposits, — Repeated  dredgings  at  each  of  the  stations  of 
this  district  failed  to  bring  to  the  surface  anything  but  clean  sand 
and  gravel. 

SUMMARY  OP  BIOLOGICAL  CONDITIONS  IN  THB   WHBEUNQ  DISTRICT. 

At  0-65  the  relatively  light  plankton  indicates  the  gradual  exhaus- 
tion of  available  food  since  leaving  the  last  Ohio  station  at  0-23. 
Thus,  despite  added  pollution  from  the  Beaver  River  and  from  East 
Liverpool,  biological  purification  of  the  river  is  well  under  way  at 
this  station,  only  65  miles  below  Pittsburgh.  This  fact  is  furtiier 
shown  by  the  character  of  the  prevailing  oi^nisms.  PoUutional 
forms  which  indicate  recent  addition  of  sewage  (cilia tes  and  certain 
flagellates)  are  few  in  number,  while  organisms  which  are  equally 
characteristic  of  the  presence  of  old  and  relatively  stable  organic 
matter  (diatoms  and  Crustacea)  are  abundant. 

Another  matter  that  speaks  well  for  the  betterment  of  the  water 
is  the  appearance,  for  the  first  time  in  the  Ohio,  of  biological  bal- 
ance among  the  plankton  organisms.  This  means  a  considerable 
assortment  of  food  materials  in  various  stages  of  diaint^ration 
which  permits  the  existence  of  a  large  variety  of  forms  well  distrib- 
uted among  holophytic,  or  plantlike,  and  holozoic,  or  animallike, 
organisms.  Biological  balance  also  means  absence  of  any  particularly 
destructive  agency,  such  as  toxic  material.  It  means  also  the 
presence  of  such  amounts  of  sunlight,  of  dissolved  gases,  and  of  dis- 
solved salts  as  may  be  required  for  those  plantlike  organisms  which 
constitute  the  first  links  of  what  Kofoid  calls  ''chains  of  food  rda- 
tions/'  the  succeeding  and  final  links  of  which  are  made  up  of 
higher  animals. 

The  YHieeling  district  as  a  whole  represents  the  stabilizing  of  the 
water  as  expressed  in  the  prevailing  biological  balance.  As  the  water 
leaves  this  district  on  its  250-inile  trip  to  the  next  sampling  station 


37 

it  is  in  more  nearly  normal  and  stable  condition,  judged  from  a 
biological  point  of  view,  than  when  it  left  Station  0-23  in  the 
Pittsbui^h  district. 

THE   PORTSMOUTH   DISTRICT. 

Portsmouth  is  located  at  the  confluence  of  the  Scioto  with  the 
Ohio,  355  mUes  by  river  below  Pittsburgh.  Between  Wheeling  and 
Portsmouth,  a  distance  of  about  265  miles,  the  Ohio  receives  com- 
paratively little  sewage  pollution  either  directly  or  through  its  three 
tributaries  of  consequence,  the  Muskingum,  the  Kanawha,  and  the 
Big  Sandy.  These  three  tributaries,  together  with  several  smaller 
ones,  increased  the  volume  of  water  in  the  Ohio  by  about  167  per 
cent  between  WheeUng  and  Portsmouth  during  the  period  covered 
by  these  examinations. 

At  Portsmouth  the  Ohio  receives  the  sewage  of  the  city  (which  is 
insignificant  in  proportion  to  the  discharge  of  the  river)  and  also  the 
waters  of  the  Scioto,  draining  6,500  miles  and  bringing  sewage  from 
Columbus,  Marion,  Circleville,  and  ChilUcothe,  aggregating  a  popula- 
tion of  220,000.  Columbus  and  Chillieothe,  the  points  of  chief 
contamination,  are  130  and  60  miles,  respectively,  above  Portsmouth. 

The  organic  matter  of  the  water  reaching  Portsmouth  has  imder- 
gone  the  effects  of  time  and  dilution  afforded  by  the  extended  flow 
from  the  last  station  and  the  advent  of  large  tributaries  which  add 
comparatively  little  pollution. 

The  movement  of  water  from  Wheeling  is  comparatively  rapid  in 
a  channel  which  consists  of  a  succession  of  islands  which  divide  the 
current,  shoals  and  riffles  which  spread  the  water  in  a  thin  sheet, 
bars  which  deflect  the  stream  from  one  side  or  the  other,  and  pools 
which  retard  the  movement,  a  natural  mixing  arrangement  typical 
of  the  Ohio  River.  Two  dams  contrplled  by  locks  also  assist  some- 
what in  the  impounding  and  mixing  process. 

llupee  stations  were  selected  for  the  biological  studies  in  this 
district.  Station  0-349,  6  miles  above  the  city  of  Portsmouth,  is 
representative  of  the  water  previous  to  its  pollution  in  noticeable 
quantities.  Station  0-358,  below  the  city,  gave  representative 
samples  of  the  water  after  passing  the  city  and  as  affected  by  the 
rather  extensive  pollution  of  the  Scioto.  The  Scioto  itself  was 
farther  studied  at  a  station  located  at  its  mouth. 

The  average  results  of  weekly  examinations  in  August,  September, 
uid  October,  1914,  are  given  in  Table  6,  and  the  salient  features  are 
shown  in  graphic  form  in  planktograph  No.  3. 

Station  S49^ — Collections  at  station  349  show  large  reduction  in 
plankton  as  compared  with  the  results  below  Wheeling,  evidently 
due  to  a  gradual  exhaustion  of  the  food  supply.    There  is  also 
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noticeable  lack  of  animal  forms  and  almost  total  lack  of  poUutional 
organisms. 

The  Scioto  River. — It  is  evident  that  environmental  conditions  are 
more  favorable  for  biological  activity  in  the  Scioto  than  in  the  Ohio 
at  Station  0-349,  chiefly  in  the  matter  of  food  supply  resulting  from 
the  discharge  of  sewage  into  this  relatively  small  stream  at  Columbus^ 
130  miles  up>stream,  and  Chillicothe,  60  miles  above  the  mouth. 
But  even  this  Scioto  plankton  yield  is  light.  Animals  are  only 
moderately  abundant  and  plants,  especially  minute  green  algae,  are 
unusually  prominent.  This  comparative  lightness  of  plankton  and 
the  relative  abundance  of  plant  life  over  animals  point  to  the  age  of 
the  pollution  and  the  considerable  degree  of  decomposition  already 
reached  by  the  contained  organic  matter.  Very  few  poUutional 
organisms  were  found. 

Station  0-S58. — The  plankton  at  station  358  was  very  similar  in 
kind  and  amount  to  that  at  station  349,  but  shows  slight  increase 
in  total  volume,  evidently  due  in  part  to  addition  of  food  from  the 
sewage  of  Portsmouth,  aijd  particularly  to  the  heavier  plankton  of 
the  Scioto  River. 

Bottom  deposits, — In  addition  to  the  water  samples  that  were  col- 
lected and  examined,  there  were  taken  in  this  district  four  samples 
of  mud  from  the  bottom  at  each  of  the  Ohio  River  stations  and  three 
from  the  bottom  at  the  mouth  of  the  Scioto. 

All  these  samples  gave  essentially  the  same  findings,  namely,  mod- 
erate niunbers  of  Lvmnodrilus  almost  constantly  present,  with  the 
larvae  of  Chironomus  and  the  associated  Tanypus  frequently  present. 
Nimierically  interpreted  the  results  are  consistent  with  the  known 
conditions  of  moderate  pollution.  The  physical  condition  of  the 
samples  would  also  go  to  confirm  this  finding. 

THE    CINCINNATI   DISTRICT. 

The  next  stretch  of  the  river  at  which  biological  studies  were  car- 
ried on  is  the  section  of  which  Cincinnati  is  the  center.  The  points 
of  chief  interest  in  determining  the  biological  conditions  of  this  dis- 
trict are  briefly  summed  up  as  follows:  The  grossly  polluted  water  of 
the  Pittsburgh  district  has  been  subjected  to  a  flow  of  about  481 
miles.  The  time  of  flow  from  Pittsburgh  to  Cincinnati  (stated  in 
monthly  means  covering  the  period  of  this  study)  was  38i  days  for 
August,  1914,  39i  days  for  September,  and  73i  days  for  the  first 
half  of  October.  During  this  interval  of  flow,  tributaries  have  more 
than  quadrupled  the  volume  of  water,  and  some  additional  sewage 
and  industrial  wastes  have  been  added,  notably  by  the  Beaver  River, 
at  WheeUng,  W.  Va.,  and  by  the  Scioto  River.  More  than  100  miles 
of  flow  has  intervened  since  the  last  appreciable  accession  of  pol- 
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lution  at  Portsmouth,  Ohio,  the  time  6f  flow  being  about  three  days 
under  the  cionditions  existing  during  this  study. 

At  Cincinnati  the  river  receives  a  large  amount  of  sewage  and 
indastrial  wastes  from  an  aggregate  population  of  over  600,000. 

At  low  river  stages  Dam  No.  37  forms  a  slack-water  basin  which 
extends  the  entire  length  of  the  city  water  front,  providing  oppor- 
tunity for  sedimentation  and  biological  action.  During  the  summer 
and  fall  seasons  of  low  water,  mixing  is  aided  somewhat  by  the  move- 
ments of  boats. 

The  stations  selected  for  this  study  were  five  in  number.  Station 
461  is  well  above  the  city  and  above  the  mouth  of  the  Little  Miami. 
The  Little  Miami  at  its  mouth  furnished  the  second  station,  and  the 
mouth  of  the  Licking  the  third.  Station  475  is  below  the  major 
influence  of  the  city  and  near  the  lower  end  of  the  pool  formed  by 
the  dam,  and  492,  the  fifth  station,  is  11  miles  below  the  dam  and 
helow  the  mouth  of  the  Miami.  The  studies  made  at  these  stations 
were  somewhat  more  extensive  than  those  made  higher  up  the  river. 
The  results  are  given  in  the  form  of  quarterly  averages  of  the  weekly 
or  biweekly  examinations  in  Table  6. 

Station  461, — The  plankton  at  station  461  is  small  in  amount  and 
consists  of  ordinary  organisms  with  a  predominance  of  plant  forms, 
writh  pollutional  organisms  practically  absent. 

The  scarcity  of  pollutional  organisms  is  evidently  the  biological 
reflection  of  the  practical  absence  of  recent  sewage  pollution.  Ports- 
mouth, the  last  point  of  sewage  contamination,  is  102  miles  upstream, 
and  its  contribution  amounts  to  little  in  the  large  volume  of  water. 
The  predominance  of  plant  organisms  is  likewise  to  be  expected 
hecause  of  the  presence  of  organic  matter  that  is  well  reduced  rather 
than  fresh. 

The  amount  of  the  plankton,  though  small,  shows  a  substantial 
increase  over  the  average  amount  at  station  358,  the  increased  organ- 
isms consisting  largely  of  plants. 

Stable  conditions  and  low  turbidity  in  November  favored  plankton 
development,  especially  diatoms. 

High-wat«r  conditions  and  low  temperatures  during  January, 
February,  and  March  reacted  unfavorably  on  plankton,  resulting  in 
small  yield.  In  addition,  many  forms  are  partially  dormant  during 
this  season.  Plankton  is  necessarily  a  collection  from  various  tribu- 
taries, sheltered  backwaters,  etc.,  that  have  been  flushed  out  by  high 
water. 

In  April  and  May,  1915,  comparative  stability  of  low  levels,  low 
turbidity,  and  rising  temperatures  caused  some  increase  in  plankton 
and  started  the  ''spring  pulse"  of  diatoms. 

June  and  July,  1915,  were  characterized  by  continuous  high  water 
and  high  tiirbidity .     Plankton  yield  was  small . 
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The  Little  Miami  River, — At  the  mouth'of  the  Little  Miami  the 
autumn  samples  show  a  light  plankton  and  a  marked  degree  of  bio- 
logical balance,  except  during  high  water.  Green  algse,  diatoms, 
rotifers,  and  ciliates  are  moderately  abundant.  Pollutional  organ- 
isms are  found  in  every  sample. 

Disturbed  hydrographic  conditions  in  December,  January,  and 
February  resulted  in  light  yield  of  native  plankton  and  several  species 
of  adventitious  diatoms.     Pollutional  organisms  were  present. 

March,  April,  and  May  record  lower  turbidity,  less  distiu'bance  of 
levels,  and  rising  temperatures.  Plankton  yield  increased  steadily. 
Pollutional  organisms  appeared  in  most  samples. 

The  Licking  River, — The  apparently  erratic  data  from  the  Licking 
River  constitutes  a  reflection  of  the  extreme  fluctuations  of  that 
stream,  due  largely  to  the  ^'quick-spilling''  type  of  its  drainage  basin. 
The  cutting  short  of  the  time-factor  by  hydrographic  disturbances, 
with  the  consequent  interruption  of  plaiJcton  breeding,  results  in 
small  yield  of  organisms  and  of  fewer  kinds,  even  when  food  supply 
is  sufficient.  Another  aspect  of  the  matter  lies  in  the  fact  that  rapid 
run-off  and  disturbances  of  level  are  direct  causes  of  high  turbidity 
which  shuts  out  sunlight  and  prevents  the  development  of  those  or- 
ganisms which  require  light. 

Station  475, — A  very  few  diatoms  were  present.  Algse  were  slightly 
more  abundant.  The  heavier  organisms,  Diffiugia  and  Tintinr\/aSj 
were  moderately  abundant,  a  condition  to  be  expected  when  turbid- 
ity is  high.  Nematode  worms  were  abundant  in  one  sample  follow- 
ing excessive  turbidity.  Pollutional  organisms  were  AnOhophysa  in 
three  samples,  and  small  numbers  of  the  rhizopod  Actinophrys  and 
the  flagellate  Euglena  in  one  sample  each. 

The  year's  regimen  of  the  Ohio  at  station  475  as  based  on  the 
weekly  plankton  samples  shows  stability  and  low  turbidity  in  the 
autumn  and  again  in  the  spring.  Fluctuating  levels  and  high  tur- 
bidity characterized  the  other  seasons.  A  well-defined  seasonal  in- 
crease of  plankton  is  found  in  the  spring  and  another  in  the  fall,  the 
latter  consisting  chiefly  of  diatoms.  Predominance  of  plantlike  or- 
ganisms during  periods  of  hydrographic  stability,  and  of  diatoms 
diuing  the  disturbed  hydrographic  conditions  of  winter  months,  and 
an  abundance  of  animals,  especially  the  bottom  forms,  during  times 
of  high  water  and  of  marked  turbidity,  are  also  noted. 

Pollutional  organisms  were  present  in  a  large  majority  (82  per  cent) 
of  all  of  the  samples,  most  of  these  containing  two  or  more  forms  of 
recognized  pollutional  animals  or  plants. 

The  results  at  station  492  are  characterized  chiefly  by  the  marked 
increase  in  plankton  yield  during  the  fall  over  the  yield  at  station  475. 
Few  pollutional  organisms  are  present  during  this  period  of  quiet 
levels.     Biological  balance  is  in  evidence.     The  very  heavy  plankton 
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was  due  largely  to  diatom  growth.  High  water  and  excessive  tur- 
bidity resulted  in  a  light  plankton  during  the  winter.  **  Favoring  en- 
vironment and  seasonal  influences  resulted  in  an  increase  of  plankton 
in  the  spring,  during  which  time  the  ^'spring  pulse"  of  diatoms  occurs. 
The  varied  assortment  of  organisms  shows  some  biological  balance, 
but  diatoms  predominate.  Pollutional  organisms  appeared  in  six  of 
the  eight  samples.  Continuous  high  water  and  excessive  turbidity 
daring  June  and  July  resulted  in  small  plankton  yields. 

Bottom  deposits. — ^Nine  mud  samples  were  secured  from  the  bottom 
at  station  461  during  the  period  August  to  November,  1914.  Of  these, 
3  contained  no  organisms,  2  a  few  LimnodrUiLS,  4  an  average  of  6 
May-fly  larv»  each,  2  a  Tanypus  larva,  and  a  single  Ceratopogon 
each. 

At  station  475,  84  bottom  samples  were  collected  during  the  period 
July,  1914,  to  December,  19li5.  From  July  to  December,  1914,  33 
of  the  35  samples  taken  were  mud,  the  remainder  being  sand  with 
some  slight  admixture  of  mud.  During  the  relatively  high- water 
period  of  January  to  July,  1915,  only  23  per  cent  of  the  samples  were 
mud,  and  during  the  succeeding  period  of  more  stable  conditions  of 
flow,  July  to  December,  1915,  there  was  increasing  deposition  indi- 
cated by  the  fact  that  57  per  cent  of  the  23  samples  were  of  mud, 
either  wholly  or  in  greater  part.     (See  Chart  No.  17.) 

The  most  numerous  organisms  in  the  mud  samples  from  this  station 
were  Limnodrilus  and  young  bivalves,  each  of  these  forms  being 
present,  sometimes  very  abundant,  in  33  of  the  60  samples  which 
contained  mud.  Not  a  sample  during  the  first  period  was  free  from 
one  or  the  other,  while  most  of  these  samples  contained  both  in  abun- 
dance. The  numbers  were  considerably  smaller  during  the  second 
period,  when  the  bottom  deposits  were  being  swept  away  by  high 
water,  and  dming  the  third  period  no  bivalves  at  all  were  found  in 
any  of  the  samples.  High  water  had  evidently  removed  them.  The 
worm,  LimnodrUtLSf  would  be  less  likely  to  be  swept  away  in  toto 
because  of  its  well-known  habit  of  retreating  quickly  into  its  burrow 
upon  any  disturbance.  The  mud  must  be  removed  in  large  quantities 
to  dislodge  them. 

Other  organisms  present  were  Tubifexj  JEolosoma,  Anthophyeay 
and  Chxtogaster  of  the  pollutional  and  contaminate  forms.  Of  the 
indifferent  and  doubtful  forms,  Chironomus  larv»  were  the  most 
abundant,  occurring  in  13  samples,  usually  in  small  numbers.  Occa- 
sional samples  of  water  snail  (imidentified),  leech,  bryozoa,  and  larvae 
of  dragon  fly  {Odonota)  and  May  fly  {Ephemera  vidgata)  were  found; 
9iBO  a  single  specimen  each  of  sponge,  planarian,  and  larvsB  of 
Coreihra  and  of  caddis  fly. 

Bottom  samples  were  taken  at  station  492  twice  a  month  from 
September,  1914,  to  December,  1915.    They  showed  that  very  little 
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mud  can  accumulate  in  this  part  of  the  river  under  normal  conditions. 
Of  the  49  samples  only  three  consisted  of  mud,  and  these  three  were 
all  taken  during  the  unusually  stable  conditions  in  the  latter  part 
of  1914.     All  other  samples  consisted  of  clean  sand  and  gravel. 

Organisms  in  these  samples  consisted  of  LimnodrUus  and  yoiing 
mussels  chiefly.  One  Chironomus  larva  and  one  May-fly  larva  were 
foimd.  The  sewage  worm  referred  to  and  young  mussels  were  nu- 
merous in  one  sample.  The  other  two  samples  showed  these  organ- 
isms in  moderate  and  small  numbers,  respectively. 

Table  No.  4. — Bottom  sediments  at  station  476  as  affected  by  river  levels. 
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SUMMARY  OF  BIOLOOICAL  CONDITIONS  IN  THE  CINCINNATI  DISTRICT. 

The  principal  biological  facts  of  interest  are  shown  in  graphic  form 
in  the  plank tographs  Nos.  4  to  8,  and  the  general  conditions  may  be 
summarized  as  follows : 

The  river  on  arriving  at  station  461  has,  during  stable  conditions, 
over  four  times  the  discharge  found  at  Pittsburgh.  The  water  is 
reasonably  free  of  organisms  associated  with  pollution,  judged  by 
plankton  and  by  bottom  mud  as  well. 

The  Little  Miami  adds  2  or  3  per  cent  of  moderately  polluted 
water  to  the  Ohio. 

The  Licking  River,  a  little  larger  than  the  Little  Miami,  is  subject 
to  sudden  floods  from  its  quick-spilling  watershed.  Its  water  is 
often  turbid  and  polluted.  The  frequent  flushings  carry  into  the 
Ohio  a  quantity  of  accumulated  water  and  organic  matter  from  the 
lower  2-mile  slack-water  portion  of  this  tributary,  whose  plankton  is 
as  erratic  as  its  unstable  hydrography. 

Station  475  is  just  below  Cincinnati,  whose  aggregate  population 
of  595,000  has  discharged  its  sewage  into  the  river  along  a  water 
front  of  about  12  miles  above  this  station.  Dam  No.  37,  located  6 
miles  below,  forms  a  21-mile  pool  which  includes  all  of  the  city  water 
front.  Plankton,  as  compared  with  that  of  Pittsburgh,  is  light  at 
station  475,  and  poUutional  organisms  are  present  in  moderate  num- 
bers.    This  small  yield  is  the  natural  result  of  the  larger  volume 
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of  water  (four  times  that  at  Pittsburgh),  into  which  a  little  more  than 
one-half  as  much  waste  is  discharged,  thus  making  the  relative  sew- 
age dilution  about  one-eighth  that  at  Pittsburgh.  Also  the  time 
period  for  biological  action  (about  one  day)  is  too  short  for  produc- 
tion of  plankton  in  quantity.     Biological  balance  is  apparent. 

Mud  samples  at  this  station  indicate  the  presence  of  large  amounts 
of  oi^nic  matter. 

The  Miami  River,  joining  the  Ohio  below  Dam  No.  37,  adds  about 
5  per  cent  to  the  volimie  of  water.  Its  plankton  is  light  as  a  rule. 
It  exhibits  marked  biological  balance  when  conditions  are  favorable 
for  plankton  development. 

Station  492  yields  a  plankton  averaging  about  three  times  as  heavy 
as  that  at  station  475.  This  increase  seems  due  to  the  lengthening  of 
the  time  factor  to  two  days  or  more.  Biological  balance  is  exhibited. 
The  bottom  deposits  are  scarce  on  account  of  strong  current. 

Seasonal  fluctuations  shown  alike  by  the  main  stream  stations  are: 

Very  light  plankton  yield  during  low  temperatures  of  winter,  when 
water  is  high  and  turbidity  excessive. 

Heavy  yield  of  organisms,  especially  plants,  when  turbidity  is  low 
and  water  quiet,  even  during  cool  weather. 

Presence  of  bottom  organisms  in  the  plankton  during  time  of  flood. 

Marked  diatom  pulse  in  November  and  a  smaller  one  in  April  or 
May. 

The  situation  at  Cincinnati  is  very  much  simpler  than  at  Pittsburgh. 
At  the  latter  place  two  unequal  tributaries  unite  their  differing 
and  contaminated  waters  to  form  a  stream  which  is  heavily  polluted 
by  the  sewage  and  industrial  wastes  of  Pittsburgh. 

^At  Cincinnati  a  relatively  normal  water  suffers  a  secondary  con- 
tamination, which  is  proportionately  about  one-eighth  as  heavy  as 
the  initial  pollution  at  Pittsburgh. 

The  noticeable  differences  in  the  biological  results  in  the  Cincinnati 
district  are:  Lighter  plankton,  fewer  poUutional  organisms,  and 
greater  evidence  of  biological  balance. 

The  light  plankton  jdeld  is  evidently  a  result  of  the  relatively 
sm^er  amount  of  contamination. 

The  prevalence  of  a  condition  of  biological  balance  among  the  or- 
ganisms constituting  the  plankton  at  the  several  stations  in  the  Cincin- 
nati district,  especially  at  475  and  492,  is  evidence  of  the  prevalence  of 
natural  conditions;  that  is,  adequate  food  supply  and  absence  of  toxic 
substances  or  other  destructive  agencies. 

THE  LOUISVILLE  DISTRICT. 

The  water  arriving  at  this  district  has  been  subjected  to  130  miles 
of  flow  since  leaving  Cincinnati.    This  includes  a  period  of  quiescence 
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and  sedimentation  in  two  pools  formed  by  dams.  The  Kentucky  a 
tributary  of  medium  size,  has  added  water  containing  but  little  sew- 
age. Aside  from  this  there  has  been  no  material  addition  of  pollution 
since  the  water  passed  the  mouth  of  the  Miami. 

At  Louisville  the  water  is  thoroughly  mixed  by  2  miles  of  rapids. 
In  addition  to  the  mechanical  aeration,  the  dissolved  oxygen  of  the 
water  is  increased  during  the  season  of  plant  activity  by  the  vigorous 
growth  of  Submerged  aquatic  plants  in  many  acres  of  shallow  water 
above  and  over  the  rapids. 

Sewage  from  a  population  of  over  300,000  and  large  quantities  of 
industrial  wastes  and  stockyard  refuse  are  discharged  into  the  river 
along  several  miles  of  water  front. 

Two  stations  were  established  in  the  Louisville  district  for  the  bio- 
logical studies;  namely,  at  598  and  619.    Station  598  is  at  the  intake 
of  the  Louisville  water  supply  several  miles  above  the  direct  effect  of 
the  city  pollution,  and  at  all  times  within  the  slack  water  behind  the 
Louisville  dam.    The  time  of  passage  from  the  last  station  of  the 
Cincinnati  district,  station  492,  is  shown  in  the  hydrometric  studies 
to  have  averaged  7.7  days  in  September  and  17.8  days  during  the 
first  half  of  October,  1914.    Station  619  is  below  tiie  rapids  and  be- 
low tiie  full  effect  of  the  city  pollution.    At  this  station  samples  were 
taken  at  three  points  across  tiie  river  to  determine  the  effect,  if  an?, 
of  incomplete  mixing  of  the  pollution.    The  effect  was  not  sufficient 
to  justify  separate  tabulations  of  the  results  which  are  therefore 
averaged  in  the  tabulated  summaries.    During  the  period  of  these 
studies  the  hydrographic  conditions  were  somewhat  distiu'bed  in  Sep- 
tember, but  constant  at  low  levels  during  the  first  half  of  October, 
after  which  a  further  period  of  disturbance  during  November  Wlas 
followed  by  stable  conditions  up  to  the  time  of  the  high  water,  which 
lasted  through  the  winter  months.    Quiet  levels  prevailed  during  the 
early  spring,  to  be  succeeded  by  flood  conditions  in  June  and  July. 
The  results  of  the  weekly  examinations  are  given  in  the  form  of 
bimonthly  averages  in  Table  6,  and  the  more  important  items  are 
shown  graphically  in  planktographs  9  to  12. 

Station  0-698. — Summarizing  briefly,  the  11  months'  collections 
at  this  station  go  to  show  the  same  seasonal  variation  and  effects  of 
disturbed  hydrometric  conditions  as  have  been  previously  pointed  out. 
The  beneficial  influence  of  the  long  pool  above  Louisville  is  evident 
in  that  the  time  period  thus  imposed  on  the  water  results  in  prolonged 
sedimentation  and  biological  activity.  The  approaching  end  reaction 
of  the  latter  in  the  form  of  large  numbers  of  crustacean  scavengers 
attests  the  considerable  degree  to  which  organic  matter  has  been  "sta- 
bilized" or  reduced  toward  a  condition  of  comparative  harmlessness. 
Stable  conditions  in  the  fall  permit  heavy  plankton  productioa 
which  includes  the  fall  "  pulse  "  of  diatoms. 
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High  water,  exceesive  turbidity,  and  low  temperatures  combine  to 
check  plankton  growth  until  spring,  when  warmer  water  and  stable 
conditions  result  in  moderately  heavy  yield  of  organisms,  including 
the  spring  '*  pulse ''  of  diatoms  and  some  poUutional  flagellates.  The 
disturbed  conditions  prevailing  in  early  summer  resulted  in  a  plankton 
yield  that  was  light  and  contained  very  few  plants  but  many  bottom 
organisms.  PoUutional  organisms  were  not  especially  abundant  at 
any  time  during  the  11  months. 

Of  the  47  samples  taken,  17  were  obtained  during  prevalence  of 
stable  conditions  and  low  turbidity  and  the  remaining  30  during  flood 
conditions.  Of  the  former,  18  per  cent  contained  poUutional  organ- 
isms in  relative  abundance,  whUe  of  the  latter  samples  27  per  cent 
contained  these  organisms  in  sinular  numbers.  This  would  seem  to 
indicate  that  flood  waters,  moving  rapidly  from  flushed-out  margins 
and  tributaries  upstream,  arrive  at  station  598  with  a  greater  number 
of  poUutional  organisms  than  are  normal  to  the  environment  of  this 
station  during  stable  conditions.  Hence,  these  high-water  samples 
are  not  a  reUable  index  of  local  conditions  at  this  station,  except  in 
80  far  as  they  represent  the  flood  conditions  to  which  the  river  is 
subject  during  a  part  of  each  year  and  the  consequent  poUution  of 
water  incident  to  this  flushing  out  of  margins  and  tributaries. 

Station  0-619. — The  collections  at  station  619  were  characterized 
by  somewhat  lighter  plankton  content,  the  difference  being  chiefly 
due  to  the  smaUer  numbers  of  Crustacea  present.  It  has  been  observed 
elsewhere  in  these  studies  that  the  crustacean  Cyclops  seeks  the  more 
quiet  waters  and  appears  by  reason  of  its  powers  of  rapid  movement 
to  be  able  to  avoid,  in  large  part  at  least,  being  drawn  into  the  swifter 
currents.  Some  laboratory  tests  of  the  possible  speed  of  locomotion 
of  these  small  organisms  showed  for  13  specimens  an  average  speed 
of  1 .2  inches  per  second .  PoUutional  forms  were  noticeably  more  prev- 
alent at  this  point  than  above  the  city,  although  their  actual  niunbers 
were  smaU,  a  fact  to  be  considered  in  connection  with  the  very  brief 
time  of  passage  to  this  station  from  the  actual  points  of  discharge 
of  the  city  wastes. 

Bottom  deposits. — Eighty-seven  samples  of  bottom  deposits  were 
taken  at  station  598  during  the  period  September,  1914,  to  December, 
1915.  Of  these,  69  were  of  mud,  14  of  sand  with  traces  of  mud,  and 
4  of  clean  gravel  or  pebbles  only. 

At  this  station  also,  as  at  475,  the  presence  or  absence  of  mud  on 
the  stream  bed  is  essentially  a  function  of  water  movements.  The 
mud  accumulates  when  conditions  of  stream  flow  are  stable;  it  is 
partiaUy  or  entirely  swept  away  by  floods,  and  again  accumulated 
with  the  return  and  continuance  of  hydrographic  stability. 

The  prevailing  type  of  sample  from  this  station  is  characterized  by 
light  or  yellowish  color,  little  or  no  odor,  and  rather  granular  con- 
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sistency,  indicating  the  presence  of  a  relatively  small  amount  of 
organic  matter. 

A  few  samples,  however,  show  some  of  the  conditions  associated 
with  pollution.  Seventeen  of  the  69  samples  contained  an  average 
of  28  tubificid  worms  (LimnodriltLs)  and  6  young  bivalves  per  sample. 
The  corresponding  numbers  of  these  organisms  usually  associated  with 
pollution  averaged  considerably  greater  at  station  475;  namely,  81 
worms  and  23  bivalves  per  sample.  This  was  true  of  51  of  the  60 
samples  which  contained  mud,  as  compared  with  the  much  smaller 
ratio  of  17  out  of  69  mud  samples  at  station  598. 

Such  other  poUutional  forms  as  CJisetogasteTf  ^olosoma,  and  mats 
of  AntJiophysa  appeared  frequently  in  the  samples  from  475,  but 
never  in  those  from  598. 

Forty-three  samples  from  this  station  showed  pollutional  organisms 
in  moderate  or  small  numbers  and  organisms  ^of  cleaner  habitat  in 
large  numbers,  thus  indicating  the  presence  of  organic  matter  in 
moderate  amount.  Seven  samples  contained  chiefly  those  organisms 
that  are  not  associated  with  pollution. 

Out  of  35  bottom  samples  collected  at  station  619,  only  4  con- 
tained mud,  the  current  at  this  point  being  strong  enough  during 
most  of  the  year  to  prevent  deposit  of  suspended  matter  and  silt. 
Three  of  these  samples  contained  pollutional  organisms  in  sufficient 
numbers  to  indicate  presence  of  organic  matter  in  large  amount. 
The  fourth  showed  moderate  pollution  only. 

Table  No.  5. — Physical  and  biological  status  of  bottom  sediments  from  stations 
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SUMMARY  OF  BIOLOGICAL  CONDITIONS  IN   THE   LOUISVILLE   DISTRICT. 

In  flowing  the  108  miles  from  Cincinnati  to  Louisville  the  water  of 
the  Ohio  is  retarded  by  slow  movement  through  a  long  pool  whose 
lower  end  is  at  Louisville.  This  pool  is  a  factor  of  importance  because 
of  its  impounding  action,  resulting  in  a  time  period  sufficiently  long, 
during  low  water,  to  permit  decomposition  of  organic  matter  to  such 
a  degree  that  Crustacea  find  here  ample  food  supply  and  quiet  envi- 


ronment.  These  organisms  multiply  accordingly.  Their  presence 
in  numbers  is  significant  of  the  completion  of  the  earlier  stages  in 
the  process  of  reducing  sewage  or  other  wast^  matter  to  a  condition 
of  comparative  stability  and  reasonable  safety  from  a  sanitary  point 

of  view. 

Bottom  samples  confirm,  in  general,  the  evidence  of  plankton 
samples  to  the  eflfect  that  organic  matter,  though  present,  is  not 
eq)eciany  abimdant,  and  that  the  first  stages  of  decomposition  have 

been  completed. 

This  water,  of  fairly  good  quality,  now  receives  contaminating- 
material  from  Louisville.  PoUutional  organisms  have  developed  only 
in  small  numbers  when  station  619  is  reached.  Mud  samples,  how- 
ever, show  the  presence  of  organisms  associated  with  pollution, 

THE    PADUCAH   DISTRICT. 

The  river  at  Paducah  is  approximately  nine  times  as  great  in 
volume  as  at  Pittsburgh.  During  the  flow  of  320  miles  from  the  last 
point  of  considerable  contamination,  Louisville,  four  rivers,  the  Green, 
the  Cumberland,  the  Wabash,  and  the  Tennessee,  have  contributed 
their  waters.  Two  of  these  streams,  the  Wabash  and  the  Tennessee, 
are  of  large  size.  These  tributaries  have  no  record  of  recent  pollution. 
The  main  stream  itself  receives  direct  contamination  only  from 
Evansville,  Ind.,  with  70,000  population,  130  miles  above  Paducah, 
but  in  the  large  voliune  of  water  the  sewage  thus  received  is  neg- 
ligible. This  lower  portion  of  the  Ohio  watershed  is  but  thinly 
populated,  as  a  rule.  Finally,  the  sewage  from  the  small  city  of 
Paducah  (24,000)  adds  no  appreciable  burden  to  the  river. 

Samples  were  collected  at  station  904,  above  the  mouths  of  the 
Tennessee  and  the  Cumberland,  at  the  mouths  of  each  of  the  rivers, 
at  station  920  opposite  Paducah,  and  at  stations  926  and  933  below 
the  city.  The  studies  at  these  points  were  confined  to  the  months 
of  September  and  October,  1914.  The  results  are  summarized  in 
Table  No.  6  and  the  more  important  facts  are  shown  graphically  in 
planktograph  No.  13. 

At  all  stations  moderately  high  turbidity  prevailed  and  levels 
were  somewhat  imstable  during  September.  These  conditions  were 
improved  in  October. 

Plankton  at  all  stations  was  small  in  amount  at  all  times. 
September  samples  yielded  a  very  scant  plankton,  but  decided 
increase  was  the  rule  in  October  samples,  except  in  the  Tennessee 
River  and  the  main  stream  station  which  it  immediately  influences. 

The  biological  balance  of  organisms  is  noticeable  at  all  main  stream 
stations,  especially  at  station  933.  This  condition  is  best  developed 
in  October.  Organisms  associated  with  pollution  were  sparingly 
present  or  were  absent  altogether.     This  speaks  well  for  the  status 
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of  the  water  as  it  proceeds  on  its  way  from  the  Paducah  district. 
The  balanced  and  uniform  distribution  of  organisms  is  a  sort  of 
biological  democracy  wherein  competition  for  food  is  brisk  and 
aggressive,  but  no  member  of  the  community  of  organisms  is  suffi- 
ciently powerful  or  numerous  to  accomplish  the  extinction  of  other 
classes  and  to  overthrow  the  existing  mutual  adjustment  of  aquatic 
life.  Such  a  condition  of  balance  has  uniformly  been  noted  in  those 
sections  of  the  river  in  which  biological  self-purification  of  the  water 
has  proceeded  nearly  to  completion  and  is  perhaps  the  best  evidence 
of  the  prevalence  of  natural  conditions  and  of  the  absence  of  toxic 
wastes  or  of  other  abnormal  and  destructive  agency. 

Six  samples  of  bottom  sediment,  two  of  which  consisted  of  clean 
sand,  were  taken  at  station  904  during  September  and  October,  1914. 

Two  samples  contained  young  mussels  in  small  numbers.  These 
organisms  are  so  persistently  found  under  conditions  of  heavy  pollu- 
tion that  their  place  seems  to  be  with,  or  very  near,  the  poUutional 
organisms,  particularly  when  they  occur  in  large  numbers. 

Four  samples  of  deposits  taken  in  September  and  October,  1914, 
well  up  the  mouth  of  the  Cumberland  River,  contained  organisms  of 
indefinite  habitat,  and  two  samples  taken  at  station  920  in  Septem- 
ber, 1914,  gave  similar  indications. 

Five  samples  taken  well  up  the  mouth  of  the  Tennessee  River 
during  September  and  October,  1914,  showed  small  nujnbers  of 
tubificid  worms,  and  young  mussels  appeared  in  three.  Organbms  of 
doubtful  significance  were  found  in  small  numbers  in  the  others. 

Five  bottom  samples  were  taken  at  station  933  during  September 
and  October,  1914.  Oi^anisms  were  few  except  in  one  sample,  which 
yielded  larvae  of  Chironomus  and  of  May  fly. 

SUMMARY  OF  BIOLOQIGAL  CONDITIONS  IN  THB  PADUCAH  DI8TBI0T. 

The  decreased  yield  of  plankton  in  the  Paducah  district  is  evi- 
dently due  to  the  small  amount  of  organic  matter  present  and  to 
dilution  by  tributaries. 

Scarcity  of  the  organic  matter  which  serves  as  food  supply,  either 
direct  or  indirect,  for  most  plankton  oi^anisms  may  be  credited  to  a 
number  of  factors  which  combine  to  produce  this  result.  The 
water  on  leaving  the  Louisville  district  did  not  contain  a  great 
amount  of  waste,  for,  notwithstanding  the  considerable  quantity  con- 
tributed here,  the  volimie  of  water  is  so  great  that  the  relative  con- 
tamination is  small  when  compared  to  that  at  Pittsburgh.  By  the 
time  the  water  arrives  in  the  Paducah  district  its  volume  has  been 
further  increased  by  tributaries  and  only  an  inconsiderable  amount 
of  additional  waste  has  been  received.  Meantime  the  various  puri- 
fication agencies,  biological  as  well  as  chemical  and  physical,  have 
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reduced  much  of  the  organic  matter,  leaving  scant  food  supply  for 
the  diminiflhing  plankton. 

Dilution  by  tributaries  is  also  a,  factor.  Those  tributaries  from 
which  data  are  available  tend  to  dilute,  instead  of  to  concentrate, 
the  plankton  of  the  main  stream.  This  means  that  conditions  of 
contamination  and  of  subsequent  purification  are  so  related  in  these 
tributaries  as  to  result  in  a  lower  plankton  content  in  the  tributary 
than  in  the  main  stream. 

GENERAL  SUMMARY  OF  BIOLOGICAL  INVESTIGATIONS. 

The  outstanding  charateristic^  of  the  Ohio  River  which  definitely 
influence  its  biological  content  are  mainly  as  follows: 

The  Ohio  constitutes  a  kind  of  natural  ''  Mason  and  Dixon's  line." 
rributaries  from  the  north  are  affected  by  rigorous  winter  conditional 
and  the  spring  thaw  unloads  in  their  waters  large  amounts  of  organic 
matter  which  have  accumulated  during  the  colder  weather.  Tribu- 
taries from  the  south  experience  much  milder  winter  conditions.  The 
streams  are  not  icebound,  as  a  rule,  and  the  contained  organic 
matter  is  disposed  of  by  purification  processes  which,  on  account  of 
the  higher  temperaturesy  may  proceed  to  advantage  from  the  time 
the  sewage  or  other  waste  enters  the  water.  Such  a  tributary  brings 
to  the  main  stream  a  water  whose  organic  matter  has  been  disposed 
of  to  a  degree  which  is  impossible  for  the  cold  waters  of  the  north- 
em  tributary. 

The  adjustment  of  these  differences  by  the  mingling  of  the  waters 
in  the  main  stream  produces  situations  which  are  biologically  impor- 
tant because  of  the  continuous  variation  in  amount,  kind,  and  degree 
of  decomposition  of  the  food  supply  thus  brought  by  these  tributaries. 

Geologically  speaking,  the  river  is  young.  It  has  not  yet  reached 
grade,  and  consequently  a  large  amount  of  erosion  is  taking  place. 
This  expresses  itself  in  the  frequent  and  high  turbidity,  which  in  turn 
becomes  a  factor  of  much  significance  to  holophytic  (plantlike) 
organisms  by  depriving  them  of  sunlight  and  checking  their  growth. 
These  minute  plants  constitute  much  of  the  food  supply  of  certain 
animals  of  the  plankton.  Moreover,  these  plants  produce  oxygen  in 
the  water  by  photosynthesis. 

The  presence  of  many  riffles,  pools,  bars,  and  islands  constitutes  an 
effective  mixing  apparatus  which  hastens  the  adjustment  of  differ- 
ences that  are  imposed  anew  by  each  tributary,  or  sewered  town,  or 
drainage  from  industrial  establishments.  Continuous  variation  of 
speed,  of  depth,  and  of  relative  surface  exposure  is  experienced  by 
the  moving  water.  Aquatic  organisms  requiring  different  degrees  of 
water  movementi  of  light,  or  of  concentration  of  organic  matter  thus 
find  conditions  to  their  liking,  and  the  biological  expression  of  these 
various  conditions  is  seen  in  the  great  diversity  of  plants  and  animals 
which  constitute  the  Ohio  River  plankton. 


High  floods  occur  in  spring,  and  frequently  at  other  seasons. 
Currents  are  swift  and  the  water  speedily  traverses  the  length  of  the 
river.  During  a  relatively  dry,  period  the  water  is  quite  low  and 
seems  almost  motionless  in  the  larger  pools.  These  extreme  fluctu- 
ations cause  enormous  variations  in  the  time  of  flow,  with  resulting 
disaster  or  advantage  to  most  plankton  and  mud  organisms  which, 
as  a  rule,  flourish  in  proportion  to  the  degree  of  stability  and  quiet  in 
their  environment. 

Numerous  dams  serve  to  impoimd  and  conserve  water  during  dry 
weather  and  to  increase  the  volume  of  water  for  the  reception  of 
sewage  or  other  waste.  The  time-factor  is  thus  increased  also,  to  the 
advantage  of  plankton  organisms  in  the  matter  of  breeding  and  in 
the  better  decomposition  of  organic  matter  which  provides  food  for 
these 'organisms. 

Oi^anic  matter  of  many  kinds,  introduced  mainly  in  the  regions  of 
Pittsburgh,  Cincinnati,  and  Louisville,  constitutes  the  chief  reason 
for  the  existence  of  most  of  the  Ohio  River  plankton  and  certain  of 
the  mud  organisms  as  well,  which  find  abundant  food  and  favorable 
environment  in  the  conditions  thus  created  near  the  main  points  of 
pollution.  Smaller  amounts  of  polluting  material  introduced  at 
various  other  points  serve  to  reproduce  to  some  degree  the  conditions 
which  encourage  plankton  life  on  a  large  scale  at  the  three  places  of 
heavy  pollution. 

An  abnormal  condition  of  the  water,  such  as  the  acidity  of  the 
Monongahela  River,  is  reflected  by  an  abnormal  condition  of  the 
plankton  and  aquatic  life  in  general.  The  apparent  eflFect  on  the 
aquatic  organisms  is  the  killing  off  of  certain  of  them,  either  by  first 
removing  their  food  supply  of  bacteria,  as  in  the  case  of  many  ciliates, 
or  by  direct  unfavorable  action  of  the  acid  on  the  cell  contents  of  the 
organisms  concerned.  The  aquatic  life  surviving  such  abnormal  state 
of  the  water  is  limited  to  comparatively  few  varieties,  although  these 
may  be  present  in  large  numbers,  as  in  the  Monongahela. 

Conversely,  the  persistent  yield  of  an  abnormal  plankton  may  be 
regarded  as  evidence  of  the  continuous  operation  of  some  imusual 
factor  in  the  local  environment. 

Each  tributary  or  stream  is  a  law  unto  itself,  because  it  has  its  own 
peculiarities  of  stream  flow,  degree  of  contamination,  temperature 
conditions,  and  other  controlling  factors.  Nevertheless,  within  broad 
limits,  many  streams  are  much  alike,  and  the  biological  reflections  of 
their  predominating  characteristics  are  comparable.  The  most  im- 
portant items  in  such  comparisons  are  food  supply  of  sewage  and 
other  organic  matter,  adequate  time  for  breeding  of  organisms  and 
decomposition  of  organic  matter,  and  absence  of  toxic  waste  or  other 
unduly  destructive  conditions,  the  latter  including  persistent  tiu*- 
bidity,  which  deprives  holophytic  organisms  of  light  and  prevents 
their  activity. 


As  eadi  separate  stream  has  its  own  characteristics^  so  the  various 
portions  of  any  one  stream  may  present  a  series  of  conditions  which 
are  to  some  degree  related  to  and  yet  distinguished  from  one  another. 
A.  t}rpical  series  of  differing  biological  situations  is  presented  by  the 
Ohio  and  its  tributaries.  The  aquatic  organisms  respond  to  the 
dominating  factors,  as  is  shown  by  the  heavy  plankton  yield  restricted 
to  very  few  ki^|s  of  organisms  in  the  Monongahela,  the  net  result  of 
abimdant  and  suitable  food,  and  of  presence  of  acidity  which  kills  off 
certain  forms.  The  uniform  and  natural  distribution  of  organisms 
in  the  Wheeling  district  is  evidence  of  the  successful  elimination  of 
the  unfavorable  conditions.  Predominance  just  below  Pittsburgh, 
Dincinnati,  and  Louisville  of  typical  organisms  usually  associated 
with  sewage  pollution  is  the  biological  reply  to  the  discharge  of  sew- 
age from  those  cities.  Similarly,  the  light  yield  of  plankton  at  Ports- 
mouth, at  station  461,  and  finally  at  station  933,  the  erratic  yield  of 
the  Licking,  the  well-balanced  plankton  of  the  Beaver,  and  of  the 
Ohio  at  certain  places,  notably  at  stations  598  and  933;  all  these  are 
the  biological  expression  of  the  various  interrelated  factors  that 
prevail  at  the  respective  locations. 

The  aquatic  life  at  any  given  sampling  station  also  varies  with 
respect  to  season  and  temperature,  rainfall,  and  amount  of  sunlight, 
tiost  of  the  species  of  organisms  are  active  only  during  moderately 
B^arm  weather.  However,  if  conditions  are  stable  and  water  is  clear 
mough  to  admit  sunlight,  a  heavy  plankton,  principally  of  diatoms  and 
>ther  minute  algae,  is  the  usual  result,  even  if  the  temperature  is  low. 
rhis  is  shown  by  the  high  content  of  diatoms  at  successive  Ohio 
Siver  stations  in  November,.  1914.  A  similar  pulse  of  the  same 
arganism  occtirred  in  November,  1915,  and  in  latter  part  of  August 
uid  first  part  of  September  in  1916. 

Flood  conditions  obscure  the  influence  of  local  environment  of  the 
lilankton,  bring  organisms  from  distant  points,  interrupt  favorable 
conditions  of  quiet  for  the  local  plankton,  and  cause  turbidity  which 
leprives  holophytic  organisms  of  sunlight.  Bottom  organisms  are 
brought  into  undue  prominence,  and  clear-water  forms,  such  as 
austacea,  are  carried  away  or  dragged  to  the  bottom  by  silt  deposited 
>n  their  appendages.  Flood-time  plankton  is  essentially  misleading 
is  to  local  conditions,  and  is  therefore  of  questionable  value  as  an 
ndex  of  the  biological  conditions  prevailing  at  the  station  in  question. 

Bottom  sediments  represent  an  accumulation  of  matter,  previously 
nispended  in  the  water.  Such  deposits  constitute  an  index  as  to  the 
sondition  of  the  water,  unless  floods  or  current  remove  these  sedi- 
nents  too  often  to  permit  the  development  of  such  physical  conditions 
ind  biological  content  as  will  faithfully  reflect  the  local  environment, 
[n  these  respects  the  bottom  deposits  fluctuate  more  slowly  and  less 
ridely  than  does  the  overlying  water.    As  a  rule  the  results  of  exam- 
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ination  of  sediments  are  correlated  with  the  results  of  plankton  exam- 
ination, and  the  careful  inspection  of  such  deposits  is  accordingly  of 
importance  in  the  biological  survey  of  a  stream. 

Biological  balance  as  seen  in  the  Ohio  River  means  the  presence  of 
organisms  in  such  number  and  in  such  assorted  varieties  as  will  sue- 
cessfuUy  cooperate  with  existing  chemical  and  physical  conditions  in 
the  effective  reduction  of  the  organic  matter  which#nay  enter  the 
water  and  in  carrying  on  the  continuous  flux  of  this  matter  from  the 
lowest  forms  of  life  to  the  highest.  This  includes  the  work  of  bacteria, 
of  plankton,  and  of  larger  organisms.  The  presence  of  organic  matter 
such  as  sewage  results  in  abimdance  of  animal  forms  rather  than  plants 
(aside  from  bacteria),  while  dissolved  inorganic  matter  resulting  from 
advanced  decomposition  favors  the  presence  of  plants  as  the  domi- 
nating organisms.  The  middle  groimd  between  these  two  exta^emes  is 
characterized  by  presence  of  a  great  variety  of  both  animal  and  plant 
forms. 

Information  concerning  the  history,  present  condition,  and  rate 
and  direction  of  change  of  a  natural  water  may  be  obtained  from  the 
results  of  suitable  chemical  and  bacteriological  tests.  This  informa- 
tion is  obtainable  from  such  tests  only  because  of  extensive  preceding 
studies,  during  the  course  of  which  correlations  have  been  established 
and  methods  of  procedure  have  been  modified  and  adapted  to  secure 
reliable  information  with  the  minimum  of  possible  error  of  interpre- 
tation. The  great  majority  of  these  investigations  have  not,  however, 
included  an  examination  of  the  plankton  and  related  organisms,  nor 
have  the  tabulated  results  accredited  anything  to  the  activity  of  these 
biological  workmen.  Inasmuch  as  these  organisms  are  present  (and 
sometimes  very  numerous)  in  practically  every  natural  water,  it 
would  seem  that  an  adequate  examination  of  this  water  must  include 
a  study  of  this  ever-present  biological  factor,  for  otherwise  certain 
phases  of  the  final  interpretation  will  be  open  to  question.  It  seems 
reasonable  that  correlations  should  exist  between  this  aquatic  life 
and  the  degree  of  pollution  and  extent  of  self-purification  of  the  water 
concerned,  similar  to  the  correlations  which  appear  when  the  bacterial 
content  and  chemical  condition  of  such  waters  are  studied.  To  dis- 
cover and  record  these  correlations  is  the  first  task  of  the  biologists 
who  would  continue  the  investigations  begun  by  Forbes,  Eofoid, 
Haeckel,  Marsson,  Kolkwitz,  Eyferth,  and  others.  To  determine  by 
long-continued  observation  and  special  laboratory  tests  to  what  extent 
and  in  what  ways  this  biological  factor  may  affect  the  bacteriological 
and  chemical  conditions,  and  be  in  turn  affected  by  them,  and  the 
manner  in  which  all  these  factors,  together  with  the  physical  features, 
are  mutually  related  in  the  process  of  self-purification  of  streams  is 
the  next  group  of  problems  awaiting  solution. 
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EXPLANATORY  NOTE. 

In  the  planktographs  which  follow  all  organisms  are  expressed  in 
volumetric  terms  of  cubic  standard  imits  instead  of  numbers. 

Organisms  whose  life  processes  are  essentially  plantlike  are  classed 
as  PlantS;  and  are  plotted  in  the  upper  half  of  the  chart.  Similarlyt 
organisms  whose  life  processes  are  essentially  those  of  an  animal  are 
classed  as  Animals,  and  are  plotted  in  the  lower  half  of  the  chart. 

Data  of  tributary  streams  are  inserted  in  a  narrow  vertical  space 
which  extends  across  the  chart  from  top  to  bottom  near  the  point 
where  this  tributary  enters  the  main  stream.  The  various  plankton 
forms  are  here  represented  by  symbols,  with  the  appropriate  abbre- 
viation placed  near. 
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The  following  abbreviations  are  used: 

Di. — diatoms. 

Alg. — algsB. 

Mast. — mastigophora. 

Rhiz. — rhizopods. 

Cil. — ciliates. 

Ro. — rotifers. 

Cms, — Crustacea. 

Ver. — vermes. 
Data  relating  to  the  samples  are  placed  below  the  diagram  proper. 

MANNER  OF  INDICATmO  OROANI8M8  ON  PLANKTOQRAPHS. 
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RELATED  PUBUCATIONS. 

Available  reprints  and  bulletins  on  stream  pollution,  issued  by  the 
Public  Health  Service,  from  which  copies  may  be  obtained  without 
cost: 

PUBUC  HEALTH   BULLETIN. 

No.  74.  Investigation  of  the  pollution  of  tidal  waters  of  Maryland  and  Virginia,  witk 
special  reference  to  shellfish-bearing  areas.    By  Hugh  S.  Gumming.    3916. 
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REPORT  ON  THE  STUDY  OF  FIFTEEN  REPRESENTATIVE 

SEWAGE-TREATMENT  PLANTS 

H.  H.  Waobnbalb,^  E,  J.  Thbbiault,*  and  H.  B.  Hommon  ' 


INTRODUCTION 

Hie  artificial  treatment  of  sewage  is  a  relatively  new  branch  of 
sanitary  science  developed  chiefly  within  the  last  80  years.  Appreci- 
able changes  at  frequent  intervals,  not  only  in  ti^e  vogue  of  the 
▼arious  methods  available,  but  also  in  the  views  of  sanitarians 
regarding  the  fundamental  principles,  purposes,  and  requirements 
of  sewage  treatment,  are  indications  that  the  science  is  still  in  a 
rapid  stage  of  evolution. 

Hie  original  tendency,  following  the  first  full  appreciation  of  the 
r61e  of  sewage  in  the  dissemination  of  disease,  was  to  demand  of 
sewage  treatment  an  effluent  of  safe  potability.  With  a  realization 
of  the  difficulties  and  expense  involved  in  the  production  of  a  ''safe" 
sewage  effluent,  sentiment  has  gradually  changed,  and  the  present 
tendency  appears  to  be  toward  less  rigid  requirements,  more  rdiance 
being  placed  upon  the  judicious  selection  of  sources  and  the  artificial 
purification  of  waters  for  the  protection  of  public  supplies. 

Authoritative  opinion  is  still  somewhat  at  variance  as  to  the  require- 
ments in  sewage  treatment,  but  it  is  generally  conceded  that  a  sewage- 
treatment  plant  may  be  rightly  expected  to  prevent  gross  nuisance 
at  all  times,  to  protect  water-purification  plants  using  the  receiving 
body  of  water  from  undue  loading,  and,  in  general,  to  maintain  the 
watercourse  in  sudi  a  condition  that  its  use  for  industrial  purposes 
B  not  impaired.  In  certain  cases  a  sewage-treatment  plant  may  be 
expected  to  prevent  the  dangerous  pollution  of  bathing  beaches 
and  oyster  beds  which,  in  the  nature  of  things,  can  not  be  safe- 
gaarded  by  other  protective  methods. 

As  in  the  development  of  any  science,  a  number  of  new  devices 
and  processes  have  been  brought  forward  with  enthusiastic  claims 
as  to  their  economy  and  efficiency.  As  a  rule,  actual  performance 
has  failed  to  substantiate  the  claims  originally  made,  although 
subsequent  developments,  in  some  instances,  have  restored  once 
discarded  methods  to  good  standing. 

This  unsettled  status  of  sewage  treatment,  due  largely  to  a  lack 
of  exact  data  concerning  the  relative  efficiency  of  different  installa- 
tions, the  frequent  failure  of  plants  to  achieve  promised  results, 
and  the  rapid  advances  made  in  water  purification,  have  all  tended 
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to  promote  a  spirit  of  uncertainty  and  even  skeptidsm  r^arding 
sewage  treatment.  Wliile  this  attitude  is  not  common  among 
those  technicallj  informed,  it  has  nevertheless  foimd  expression 
among  some  recogniised  authorities  and  is  prevalent  among  public 
officials  upon  whom  devolves  the  responsibility  for  the  construction 
and  operation  of  sewage-treatment  plants. 

The  present  study  was  undertaken  in  the  summer  of  1920,  by 
direction  of  the  Surgeon  General,  the  chief  purpose  in  view  being 
the  collection  of  first-hand,  uniform,  and  comparable  data  upon  the 
efficiency  of  representative  plants  in  actual  routine  operation. 

In  planning  the  investigation  it  was  realized  that  relatively  few 
of  the  plants  in  the  country  could  be  visited.  The  p^'sonnel  available 
for  the  work  was  limited,  and  it  was  desired  to  confine  the  time 
limits  to  warm  weather,  which  is  the  critical  time  in  the  operation 
of  any  sewage-treatm^at  plant.  The  plants  included  .in  the  survey 
were  therefore  selected  as  representing  accepted  processes  or  com- 
binations of  processes  or  because  of  special  features  on  which  infor- 
mation was  desired. 

It  would  be  very  easy  to  cast  a  cloud  over  every  known  method 
of  treatment  by  reporting  on  plants  which  have  failed  because  of 
faulty  design  or  neglect  of  operation.  As  the  primary  purposes  of  the 
work  was  to  secure  accurate  data  on  the  efficiency  of  devices  and 
processes  of  treatment,  it  was  necessary  to  select  plants  of  competent 
design  and  receiving  a  reasonable  amoimt  of  care  and  control.  The 
plants  given  below  are  considered  to  be  representative  of  various  de- 
vices and  processes  for  the  most  part  properly  designed  and  well 
operated. 

Special  features  of  plants  studied. 

Alliance Contact  beds,  glass  covered  sludge  beds,  intermit- 
tent fine  filters. 

Canton Contact  beds,  glass  covered  sludge  beds,  concen- 
trated sewage. 

Atlanta Imhoff  tank  and  trickling  filters  under  southern  con- 
ditions. 

Fitchburg Imhoff  tank   and  trickling  filters  under  northem 

conditions. 

Lexington- Imhoff  tank  and  trickling  filters,   comparativdy 

new  installation. 

Columbus Imhoff  tank  and  trickling  filters,  one  of  the  eldest 

United  States  plants. 

Rochester  (Brighton) Imhoff  tank  and  trickling  filters,  small  plant  and 

dilute  sewage. 

Baltimore Hydrolytic  tanks  and  trickling  filters,  largest  United 

States  plant,  fine  screens. 

Reading Septic  tank  and  trickling  filters,  one  of  the  oldest 

United  States  plants,  fine  screens. 

Rochester  (Irondequoit) Riensch-Wurl  screens  with  Imhoff  tanks. 

Houston - -  Activated  sludge,  largest  plants  in  routine  operation. 
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San  Marcos Activated  sludge,  small  plant  with  presedimenta- 

tion  and  dilute  sewage. 
Shennan Activated  sludge,  small  plant  treating  a  strong 

sewage. 

The  studies  made  at  the  above  plants  were  divided  into  two 
parts.  The  plants  were  first  visited  by  an  engineer  who  niade 
a  physical  survey  of  each  plant.  This  phase  of  the  work  was 
completed  between  May  24  and  September  1,  1920,  an  average  of 
four  days  being  devoted  to  each  plant.  Ekigineering  features  of 
design  and  operation  were  entered  into  and,  in  addition,  information 
was  obtained  concerning  the  population  served  by  the  various  plants, 
the  total  flow  of  sewage,  the  cost  of  construction  and  operation,  and 
other  basic  data  of  importance  in  estimating  the  efficiency  and 
economy  of  the  plioits.  The  devices  and  processes  studied  included 
grit-chambers;  Riensch-Wurl  and  other  types  of  screens;  plain  sedi- 
mentation, septic,  hydrolytic,  and  Imhoff  tanks;  contact,  trickling, 
or  intermittent  filters;  secondary  sedimentation;  sludge  digestion 
tanks;  sludge  beds;  and  activated  sludge. 

Attention  was  also  given  to  the  study  of  some  special  subjects.  In 
particular,  wherever  it  was  foimd  that  sludge  was  being  used  as  a 
fertilizer  or  soil  builder  every  effort  was  made  to  secure  first-hand 
information  as  to  the  results  obtained.  Plant  operators  interested 
in  this  method  of  ultimate  sludge  disposal  were  urged  to  imdertake 
studies  productive  of  quantitative  data  upon  which  a  true  estimate 
of  the  value  of  sewage  sludges  as  fertilizers  or  soil  builders  might  be 
based. 

The  basis  of  the  engineering  survey  was  a  questionnaire,  a  copy  of 
which  may  be  found  in  Appendix  II.  When  it  was  possible  to  secure 
complete  sets  of  plans  of  the  plants,  much  of  the  questiozmaire  could 
be  filled  out  by  reference  to  the  plans  and  the  details  worked  out  at 
a  later  date  in  the  office.  It  was  necessary,  however,  to  go  over  all 
details  of  the  plants  in  the  field  at  places  where  the  original  plans  had 
been  modified  prior  to  construction. 

Laboratory  studies,  constituting  the  second  part  of  the  survey, 
extended  from  May  27  to  December  1,  1920,  an  average  of  16  days 
bemg  spent  at  each  plant  to  secure  a  series  of  about  12  analyses. 
The  chemist  carried  with  him  a  complete  equipment  of  the  necessary 
laboratory  apparatus  and  cheniical  reagents  and  worked  in  the  local 
laboratories.  Acknowledgment  is  due  to  the  authorities  in  charge 
of  the  various  laboratories  for  the  facilities  placed  at  the  chemist's 
disposal  and  for  the  generous  loan  of  sample  collectors  in  several 
instances.  At  plants  where  the  personnel  was  not  adequate  to  take 
on  the  ext^a  work,  special  sample  collectors  were  employed  by  the 
Public  Health  Service.  At  some  of  the  smaller  plants  practically 
all  of  the  operating  data,  such  as  flow  readings,  etc.,  were  collected 
in  this  manner. 
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The  laboratory  work  was  rather  elaborate,  more  so  than  would  be 
advisable  for  routine  plant  procedure.  Some  determinations  of 
admittedly  low  value  were  included  in  order  to  determine  whether 
they  furnished  additional  information  sufficient  to  justify  the  labor 
and  time  involved  in  making  them.  Considerable  importance  b 
placed  on  the  fact  that  the  same  methods  of  analysis  were  used  at 
all  plants;  in  fact,  at  all  but  four  plants  the  work  was  done  by  the 
same  chemist  and  at  these  four  plants  the  work  was  intrusted  to  men 
who  had  received  special  training  in  the  methods  used.  It  is  believed 
that  the  analytical  results  are  unique  in  this  respect. 

It  was  hoped  that  there  might  result  from  these  studies  a  better 
understanding  as  to  the  efficiency  of  sewage  treatment  processes  and 
that  some  progress  might  be  made  toward  a  more  or  less  uniform 
schedule  of  methods  for  making  analyses  and  reporting  results. 
Some  of  the  plants  visited  are  in  charge  of  men  who  are  recognized  as 
the  most  capable  plant  operators  in  the  coimtry.  From  them  not 
I  only  engineering  facts  were  sought,  but  also  opinions  and  theories 

I  regarding  their  own  plants  and  treatment  methods  in  general.     The 

survey  also  offered  a  splendid  opportunity  for  the  interchange  of 
methods  and  ideas  concerning  sewage  analysis.  From  these  informal 
discussions  it  appears  to  be  quite  generally  the  case  that  sewage, 
plant  operators,  because  of  insufficient  funds  and  personnel,  are 
seldom  in  a  position  to  undertake  the  original  research  work  which 
is  essential  for  the  proper  future  development  of  sewage  treatment. 

The  material  embodied  in  this  report  is  intended  to  cover  the  data 
accumulated  during  the  survey  and  the  conclusions  drawn  from  a 
study  of  the  data.  The  first  three  chapters  of  the  report  are  devoted 
to  a  general  discussion  of  the  status  of  sewage  analysis,  the  sampling 
technic  followed,  the  interpretative  value  of  the  determinatioiis 
made,  and  the  conclusions  drawn  as  to  the  best  methods  of  procedure 
available.  A  detailed  description  of  the  analytical  methods  is  given 
in  Appendix  III.  The  engineering  data  and  the  chemical  analyses 
are  presented  in  Chapter  IV,  each  plant  being  considered  separately. 
The  structural  features  and  efficiencies  of  the  various  devices  and 
processes  are  summarized  in  Chapter  V.  Detailed  descriptions  of 
the  plants  studied  are  to  be  found  in  Appendix  I.  During  the  prepa- 
ration of  the  report  the  descriptions  and  discussions  referring  to 
individual  plants  have  been  submitted  to  the  officials  in  chai^  of 
each  plant  for  correction  and  criticism.  By  this  procedure  it  is 
believed  that  many  inaccuracies  have  been  eliminated. 

In  addition  to  the  authors,  Mr.  M.  J.  Blew  assisted  in  these  studies 
from  July  to  September,  doing  laboratory  work. 

The  success  of  a  survey  of  this  nature  depends  primarily  upon  the 
cooperation  of  the  officials  from  whom  the  basic  data  must  be  ob- 
tained.   It  is  desired  to  express  appreciation  of  the  assistance  and 
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coortesiee  accorded  the  authors  by  these  officials.  It  is  not  possible 
to  include  here  a  complete  list  of  all  to  whom  the  authors  feel  indebted. 
To  the  following;  however,  it  is  felt  that  personal  acknowledgment 
is  due: 

At  Alliance,  Ohio:  J.  H.  McConnel,  director  of  public  service;  Homer  Ander- 
BOQ,  city  engineer;  A,  E.  Hesse,  chemist;  I.  W.  Irwin,  plant  foreman. 

At  Atlanta,  Ga.:  H.  L.  Collier,  chief  of  construction;  C.  C.  Hommon,  chemist 
in  charge  of  sewage  treatment. 

At  Baltimore,  Md. :  Milton  J.  Ruark,  division  engineer  of  sewers;  C.  E.  Keefer, 
sanitary  engineering  assbtant;  J.  W.  Holden,  superintendent  of  sewage-disposal 
works;  T.  C.  Schaetzle,  principal  sanitary  chemist. 

At  Canton,  Ohio:  W.  E.  Sarver,  city  engineer;  A.  E.  Hesse,  chemist;  F.  Ever- 
•oley  sewage  plant  foreman. 

At  Ck^htmbus,  Ohio:  C.  B.  Hoover,  chemist  in  charge;  C.  D.  McQuire,  assistant 
ehsmist. 

At  Fitchburg,  Mass.:  D.  A.  Hart  well,  conmiissioner  of  public  works;  H.  B. 
AUen,  chemist  in  charge  at  disposal  plant. 

At  Houston,  Tex. :  J.  C.  McVea,  city  engineer;  0.  L.  Fugate,  principal  assist- 
ant engineer;  W.  R.  Tidwelli  chemist  at  sewage  plants;  Bruce  Meyer,  superin- 
tendent north  side  treatment  plant;  W.  £.  Green,  superintendent  south  side 
treatmeDt  plant;  V.  R.  Lang,  foreman  sludge  drying  plant. 

At  Lexington,  Ky.:  W.  H.  McCorkle,  conmiissioner  of  public  works  and  vice 
mayor;  J.  W.  Guyn,  city  engineer;  H.  D.  Spears,  chemist;  M.  E.  Crawley, 
superintendent  sewage  disposal  plants. 

At  Reading,  Pa.:  W.  B.  Yeager,  conunissioner  of  public  works;  E.  B.  Ulrich, 
city  engineer;  P.  Merkle,  chemist  sewage-treatment  plant;  8.  U.  Lafferty,  fore- 
man at  sewage  plani.^ 

At  Rochester,  N.  Y.:  C.  A.  Poole,  city  engineer;  J.  F.  Skinner,  principal  assist- 
ant engineer;  N.  A.  Brown,  special  assistant  engineer;  B.  G.  Dewitt,  sui>erin- 
tendent  Irondequoit  plant. 

At  San  Marcos,  Tex.:  J.  E.  Wilson,  manager  San  Marcos  Utilities  Co.;  Pro- 
iMsor  I>ay»  principal  San  Marcos  High  School;  Professor  Kee,  departmait  of 
chemistry,  San  Marcos  High  School. 

At  Sherman^  Tex. :  O.  J.  S.  Ellingson,  city  manager;  Doctor  Clyce,  president 
Austin  College;  Dr.  C.  C.  Scott,  professor  of  chemistry,  Austin  College. 

In  addition  to  the  above  officials,  it  is  desired  to  acknowledge  the 
taaistance  of  R.  F.  McDowell,  sanitary  engineer,  Cleveland,  Ohio, 
representing  Morris  Knowles  (Inc.).  Acknowledgment  is  also  due  to 
Mr.  Langdon  Pearse,  sanitary  engineer,  the  Sanitary  District  of 
CSiicago,  for  valuable  suggestions. 

The  technical  press  has  been  freely  used  and  much  material  ob- 
tained from  it  as  well  as  from  tilie  standard  books  on  sewage  treat- 
ment. Every  effort  has  been  made  to  credit  in  the  body  of  the  report 
the  authors  of  articles  from  which  material  has  been  taken. 
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CHAPTER  I 

ANALYTICAL  METHODS 
GENERAL  CONSIDERATION'S 

It  was  realized  at  the  start  and  amply  confirmed  dming  the  survey 
that  any  comparison  of  the  efficiency  of  the  various  methods  of 
sewage  treatment  based  on  published  analyses  to  be  found  in  annual 
reports  or  in  the  technical  press  would  be  entirely  misleading.  Real 
comparisons  of  the  performance  of  some  of  the  larger  plants  from 
published  data  are,  in  fact,  virtually  impossible  due  to  a  lack  of  uni- 
formity in  the  choice  of  the  analyses  made  or  in  the  methods  of  pro- 
cedure where  similar  tests  are  conducted.  Too  frequently  the  deter-  ^ 
minations  are  chosen  with  regard  to  local  precedents  or  are  carried 
out  in  the  light  of  individual  preferences. 

Once  a  routine  has  been  established  a  strong  disinclination  toward 
standardization  involving  radical  changes  is  quite  excusable.  At 
some  plants  the  routine  analyses  cover  a  period  of  years  dating  from 
the  tune  the  plant  was  first  put  mto  operation.  Any  change  in 
methods  of  analysis  would  render  comparisons  impossible  within  tiie 
plant  itself,  a  disadvantage  which  must  be  weighed  against  the 
advantages  of  a  modified  procedure  which  would  permit  comparisons 
with  results  obtained  in  other  places. 

The  general  acceptance  of  the  standard  methods  of  the  American 
Public  Health  Association  has  been  a  long  step  forward  in  the  stand- 
ardization of  laboratory  procedures,  although  considerable  difference's 
are  possible  even  in  laboratories  by  which  *' Standard  Methods"  are 
fully  adopted.  Nitrates,  for  example,  may  be  determinedby  one  of  two 
methods,  the  reduction  method  or  the  phenol-disulphonic  acid  method; 
the  biochemical  oxygen  demand  may  be  determined  by  three  different 
methods,  viz,  the  rdative  stability  method,  the  nitrate  method,  and 
the  excess  oxygen  method;  ammonia  nitrogen  may  be  determined 
by  distillation  or  by  direct  nesslerization.  It  is  by  no  means  estab- 
lished that  these  different  methods  give  equivalent  results.  In  the 
case  of  oxygen  demand  tests,  even  if  the  results  obtained  by  the  sev- 
eral methods  available  were  concordant,  there  would  still  be  consider- 
able latitude  in  the  choice  of  incubation  temperatures  or  even  in  the 
choice  of  a  period  of  incubation.  The  greatest  difficulty  arises,  how- 
ever, not  in  the  details  of  the  procedures  themselves  but  in  the  choice 
of  the  tests  to  be  made.  At  one  plant  nitrification  may  be  taken  as 
an  index  of  the  efficiency  of  a  trickling  filter;  another  plant  with  a 
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siinilar  installation  may  consider  that  the  permanganate  oxygen 
consumed  or  the  relative  stability  is  the  best  index. 

In  certain  sections  where  sewage-treatment  plants  are  imder  com- 
petent State  supervision  the  analyses  to  be  made  are  specified. 
Unfortunately  no  agreement  exists  between  the  officials  of  different 
States  as  to  what  constitute  suitable  laboratory  procedures.  The 
determination  of  the  various  forms  of  nitrogen,  for  example,  may  be 
stressed  by  some  and  discarded  altogether  by  others. 

In  the  absence,  therefore,  of  a  generally  accepted  procedure,  it  is 
apparent  that  in  any  study  of  sewage  treatment  having  for  its  piurpose 
the  comparison  of  the  various  methods  in  use  in  widely  scattered 
sectioiis  of  the  country,  the  collection  of  analytical  data  derived 
under  uniform  conditions  would  be  a  primary  requisite.  No  special 
claim  is  made  for  originality,  or  unusual  refinements  in  the  analyses 
submitted  in  this  report.  Their  chief  virtue  lies  in  the  fact  that  they 
make  possible  a  direct  comparison  of  the  various  plants  visited, 
without  qualification  as  to  differences  of  procediure. 


}  i 

i 


.■:r 


1 


1         ' 
i 


'.         M^, 


*     i 


J: 

1  Lk    J  f 


CHAPTER  n 

SAMPLING  TECHNIC 

KUMBEB  OF   SAMPLES   COLLECTED 

The  number  of  samples  to  be  collected  was  a  questioa  which 
received  considerable  attention.  It  was  decided  that  the  sampling 
period  should  cover  at  least  10  days  if  the  results  obtained  were 
to  be  relied  upon  as  being  properly  representative.  Actually,  this 
lower  limit  was  exceeded  in  most  cases. 

METHOD  OF  SAMPLIKG 

The  method  followed  was  to  collect  hourly  samples  of  150  c.  c. 
over  a  full  24-hour  period.  These  samples  were  composited,  giving 
a  volume  of  3,600  c.  c.  for  analysis.  Sample  collectors  were  instructed 
to  dip  below  the  surface  of  the  sewage  and  to  include  all  suspended 
matter  caught  in  the  sample.  Glass-stoppered,  wide-mouthed 
bottles  provided  with  wire  handles  were  used  for  the  sampling. 
When  completely  filled  the  stoppers  were  set  in  place,  thereby  giving 
a  constant  volume  at  each  sampling  period.  One-gallon  bottles 
were  used  for  storing  the  composited  samples. 

Due  to  limitations  of  time  and  personnel  it  was  necessary  to  collect 
Sunday  samples.  In  the  table  given  below  one  Sunday  sample 
from  each  place  is  compared  with  the  six  samples  immediately 
following  or  preceding  it. 

Table  No.  1. — A  comparison  of  analy$ea  of  Sunday  and  week-day  raw  sewages 

[The  values  given  are  eorresponding  soms  fh>m  14  plants.   Original  results  In  terms  p.  p.  m.  and  o.  e.  per 

liter  for  settleable  solids] 


Sundays  only 

Week  days  only 

Week  days  and  Sun- 
days  


Sus- 
pended 
matter 

SetUe- 

able 

solids 

Oxygen 

con- 
sumed 

Alka- 
linity 

Ether 
soluble 
matter 

Chlor- 
ides 

Oxygen 

demand 

5<lay 

DlB- 
SQlTed 

oxygen 

a;  006 
a;  063 

2;  542 

812 
38.7 

87.0 

588 

611 

610 

• 

3.006 
3,026 

3,023 

681 
832 

803 

1.150 
1,281 

1.264 

1.838 
•  1,601 

1,520 

SL6 
1L7 

HI 

The  suspended  matter  in  the  Sunday  samples  is  about  20  per 
cent  lower  than  in  the  samples  collected  on  week  days  only.  Ex- 
cepting the  dissolved  oxygen,  the  same  holds  true  for  the  other 
determinations.  The  values  derived  from  a  consideration  of  week- 
day results  only  are  not  materially  different  from  those  in  which 
a  Sunday  sample  was  included.  The  inference  is  that  the  omission 
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of  samples  for  a  24-hour  period  each  week  would  not  materially 
affect  the  weekly  average.  Possibly  the  omission  of  two  or  three 
more  days  would  still  give  a  perfectly  reliable  average  value. 

Other  methods  of  sampling  practiced  at  various  places  are  as 
follows: 

1.  Sampling  according  to  flow  is  practiced  at  Fitchburg,  Mass., 
and  is,  logically,  the  correct  procedure;  the  use  of  direct-reading 
flow-measuring  devices  is  impUed. 

Ttus  method  has  the  advantage  that  the  analytical  results  are 
weighted.  Sampling  errors,  however,  are  largely  coimterbalancing 
where  constant  volume  samples  are  taken.  This  is  brought  out  in 
the  following  table  prepared  from  data  contained  in  the  report  on 
tests  at  the  sewage-testing  station  at  Cleveland,  1914.  The  values 
given  are  monthly  averages. 

Table  No.  2. — AffreemerU  between  eamplea  proportioned  to  flow  and  those  where  a 
constant  amount  of  sample  was  taken  at  each  sam^ing  period 

[Results  in  parts  per  mUUon] 


Month 

Oxy- 

cen 

oon- 

somed 

Suspended  matter 

Or- 
ganic 
nitro- 
gen 

Free 
ammo- 
nia 

Chlor- 
ine 

Alka- 
linity 

Iron 
(Fe) 

Sunplei 

Total 

Vol- 
atile 

Fixed 

A.._ 

B.        

A 

ApriL 

.-.do 

May 

...do 

45 
47 
SO 
S2 

105 
a04 
252 
909 

88 

08 

114 

110 

107 
100 
138 
153 

7.3 
7.3 

13 
13 

280 
284 

156 
157 

14 
15 

B 

A,  aamples  proportioned  to  fk)w.  B ,  a  constant  yolnme  of  sample  taken. 

2.  A  single  sample  is  taken  at  a  time  of  the  day  foimd  by  experi- 
QKsit  to  represent  the  average  strength  of  the  sewage.  This  methcd 
is  followed  at  Baltimore.  It  has  the  advantage  that  sample  collec- 
tors are  practically  eliminated,  but  it  can  be  used  only  where  the 
composition  of  the  sewage  is  nearly  constant. 

PBESEKVATION   OF   SAMPLES 

No  attempt  was  made  to  preserve  the  samples  other  than  by 
refrigeration.  The  hourly  samples  were  transferred  as  soon  as  pos- 
sible after  <;ollection  to  a  1-gaUon  stoppered  bottle  kept  on  ice  or  in 
an  ice  box.  Excepting  the  dissolved  oxygen  content,  the  changes 
which  take  place  in  the  composition  of  an  iced  sample  within  24 
hours  are  probably  not  very  great. 

At  some  plants  chloroform  is  used  as  a  preservative;  acids  are 
also  used  for  the  same  piu'pose.  If  biochemical  oxygen  demand  or 
putrescibility  tests  are  to  be  made,  sterilization,  evidently,  is  not 
permissible.  In  interpreting  the  results  of  analyses  it  should  be 
borne  in  mind  that  bacterial  activity  is  only  slowed  down  and  not 
completely  arrested  by  refrigeration.  Chloroform  alone  is  of  doubt- 
ful value  as  a  preservative;  acidification  is  effective.  Chloroform  and 
refrigeration  together  are  also  effective. 
90510'— ^t 2 
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COMPETENCE  OF  THE  SAMPLES 

It  is  believed  that  the  results  obtained  are  fairly  representative 
of  average  summer  conditions  at  the  plants  visited;  in  fact,  with  the 
exception  of  Atlanta  where  heavy  rains  were  encountered,  the  results 
for  any  given  plant  vary  but  little  from  day  to  day.  Sudden  vari- 
ations are  generally  connected  with  the  unloading  of  a  tank  or  a 
heavy  rain.  At  all  plants,  with  possibly  one  or  two  exceptions,  it 
was  agreed  by  the  local  officials  that  the  analyses  were  fairly  repre- 
sentative, and,  wherever  the  methods  in  use  by  the  local  chemists 
were  at  all  comparable,  the  results  were  found  to  agree  quite  closely. 

The  following  table  gives  data  collected  from  various  sources  to 
establish  this  point  of  agreement: 

Table  No.  3. — Agreement  between  the  values  obtained  by  local  chemists  and  Oum 

obtained  during  the  survey 

[Results  in  parts  per  million] 


Suspended  matter 

Plant 

Raw  sewage 

Final  efDuent 

Source  brom  which  local  values  were  derived 

Local 
value 

Survey 
value 

Local 
value 

Survey 
value 

Alliftnoe  

158 
140 

145 
185 

219 

340. 

203 
121 

104 

152 
106 

226 
150 

206 

207 

166 
101 

145 

16 

17 

Average  tnm  May  to  October,  1010,  from  an- 

AttnntA H'ntrttncb).     . 

nual  report. 
From  paper  read  at  twenty-third  annual  Con* 
vendon  of  Am.  Soc.  Mun.  Imp.,  by  C.  C 
Hommon. 
Do. 

Atlanta  (Peaditree). 

Baltimore. 

40 

78 
85 

34 
12 

30 

41 

81 

42 

48 
10 

81 

Average  from  April  to  October.  1012  to  1930, 

Columbus 

from  Eng.  News-Record  of  July  21, 1021. 
Average  from  May  to  October,  1020,  from  aa* 

niialreport. 
Average  from  May  to  October,  1019,  from  an- 

nuaf  report. 
Average  of  3  analyses  from  May  to  July,  1919. 

Fitchborg 

Ti^x^ngton ,    . 

RochMter  (Brighton) . . 
RfAdlng       

Aven«e  from  April  to  Oetober,  1018,  from  an- 
nualreport. 
Do. 

Sum 

1,621 
180 

1.558 

m 

245 
27 

270 
30 

Average 

In  the  above  table  the  suspended-matter  determinations  made 
during  the  survey  are  compared  with  values  derived  by  local  chem- 
istsu  The  agreement  in  the  case  of  the  final  eflBuents  is  very  good 
and  even  with  raw  sewage  a  good  general  agreement  is  obtained. 
Unfortunately  it  was  found  impossible  to  extend  this  table,  since  the 
suspended-matter  determination  is  about  the  only  test  in  general 
use  on  which  practical  agreement  obtains  as  to  the  method  of 
procedure. 


CHAPTER  m 

INTERPRETATiyE  VALUE  OF  THE  VARIOUS  DETERMINATIONS  MADE 

DURING  THE  SURVEY 

Operative,  laboratory,  and  administrative  work  at  sewage  plants 
is  gfflieraUy  in  excess  of  the  available  personnel.  The  selection  of 
suitable  laboratory  tests  and  the  elimination  of  timewom  or  tedious 
determinations  of  doubtful  value  should  receive  the  careful  attention 
of  the  plant  operator. 

The  laboratory  schedule  followed  during  the  survey  is  given  below. 
It  included  most  of  the  tests  that  are  commonly  made  on  sewage, 
a  notable  exception  being  the  total  nitrogen.  This  determination 
could  not  very  well  be  included  due  to  the  bulky  nature  of  the 
apparatus  required.  The  resulting  list  is  a  cumbersome  one,  and 
while  capable  of  furnishing  comparative  data  of  great  value  is  obvi- 
ously not  recommended  for  routine  procedure. 

1.  Alkalinity. 

2.  Chlorides. 

3.  Nitrogen  as  nitrate. 

4.  Relative  stability. 

5.  Settleable  solids. 

6.  Suspended  matter. 


7.  Ammonia  nitrogen. 

8.  Ether  soluble  matter  (fats). 

9.  Oxygen  consumed. 

10.  Dissolved  oxygen. 

11.  Biochemical  oxygen  demand. 

12.  Complete  sludge  analysis. 


In  the  following  pages  the  interrelation  of  the  above  determinar 
tioDs  and  their  limitations  when  applied  to  sewage  analysis  will  be 
briefly  discussed.  The  importance  of  the  biochemical  oxygen 
demand  test  will  be  emphasized  by  frequent  reference  to  this  value. 
The  analytical  results  presented  to  illustrate  the  text  are  taken 
from  tables  given  in  Chapter  IV,  and  detailed  descriptions  of  the 
anatjrtical  methods  used  are  given  in  an  appendix  to  this  report. 

1.  Alkajlintty 

For  a  raw  sewage  this  value  is  determined  largely  by  the  alkalinity 
of  the  water  supply,  the  presence  of  industrial  wastes,  and,  especially, 
by  the  indicator  chosen  for  the  test.  No  particidar  significance  is 
attached  to  the  alkalinity  of  the  raw  sewage  excepting,  of  course, 
where  industrial  wastes  are  present  in  unusual  quantities.  More 
significant  are  the  changes  in  the  value  of  the  alkalinity  as  the 
sewage  passes  through  a  plant. 
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Table  No.  4. — Changes  in  the  alkalinity  of  a  sewage  on  passing  throiigh  Imhsj^ 

septic,  or  hydrciytic  tanks 


1 

[Results  in  parts  per  mJllkm] 

Source 

AUi- 
aoce 

Atlan- 

toan- 
trepob) 

Atlin- 
ta 

(PfeBCh- 

tree) 

Balti- 
more 

Can- 
ton 

Co- 

lum- 

bua 

Fltdi- 
burg 

Lex- 
ing- 
ton 

Rodi- 

ester 

(Iron- 

de- 
quolt) 

Roch- 
ester 

(Brifh- 
ton) 

Reid- 

104 
184 

82 

77 

60 
08 

144 

136 

843 
342 

210 
311 

00 

07 

104 
100 

100 
175 

180 
178 

171 

Influent 

m 

Increase 

10 

5 

1 

8 

1 

8 

3 

-2 

16 

U 

11 

Excepting  at  Lexington,  where  a  slight  decrease  was  noted,  aD 
plants  indicate  an  increase  in  alkalinity,  although  the  increase  is  so 
small  that  it  can  be  ascribed,  largely  if  not  entirely,  to  experimental 
errors.  At  places  like  Alliance,  Reading,  and  Rochester,  where 
increases  of  10  to  15  parts  per  million  were  noted,  the  change  may 
possibly  be  connected  with  a  slight  unloading  of  material  from  the 
sludge  chamber  where,  as  shown  in  the  following  table,  the  alkalin- 
ity reaches  a  very  high  figure. 

Tablb  No.  5. — Comparison  of  the  alkalinity  of  Imhoff  sludge  filtrates  with  thai  ef 

the  corresponding  raw  sewage 

[Results  in  parts  per  minion] 


1 


Sooroe 

AlUanoe 

Atlanta 
(Peach- 
tree) 

Balti- 
more 

Colum- 
bus 

Pitch- 
burg 

Lexing- 
ton 

Rochester 
(Brigh- 
ton) 

RooboMr 

(Ironde- 

quoft) 

Sludge  filtrate 

Raw  sewage. 

880 
184 

620 
68 

880 

138 

800 
211 

080 
07 

1,180 
106 

640 
178 

806 

in 

Increase. 

606 

462 

242 

670 

888 

054 

462 

»9 

1 

I 


The  alkalinity  of  the  filtrate  from  freshly  drawn  sludge  was 
determined  at  most  plants  visited.  The  results  are  suromarized  in 
the  above  table  and  compared  with  the  alkalinity  of  the  corresponding 
raw  sewage. 

It  is  noted  that  the  differen(^es  shown  in  Table  No.  5  are  too  large 
to  be  attributed  to  experimental  errors.  The  maximimi  increase 
was  at  Lexington  and  is  in  the  neighborhood  of  1,000  parts  pa' 
million.  From  the  analyses  of  the  sludge  ash,  as  given  later  in 
Table  No.  63,  it  can  be  calculated  that  the  CaCOa  content  of  the 
wet  sludges  varies  from  2,000  to  over  5,000  parts  per  million.  Much 
of  this  CaCO,  is,  of  course,  not  in  solution,  but  it  is  not  inconceivaUft 
that  the  sludge  filtrate  contains  as  much  as  1,000  parts  per  million, 
especially  when  consideration  is  given  to  the  fact  that  the  decomposi* 
tion  of  the  sludge  gives  rise  to  large  amoimts  of  carbon  dioxide 
Also  it  must  be  remembered  that  the  sludge  represents,  roughly  at 
least,  that  part  of  the  sewage  which  is  in  coarse  suspension,  i.  e.y 
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the  settleable  matter,  and  that  the  inoiganic  matter  content  of  this 
portion  is  presumably  higher  than  that  of  the  liquid  part  of  the 
seiwage.  The  conditions  are,  therefore,  favorable  for  the  concen- 
tration  of  inorganic  salts  in  the  sludge  and  for  the  solution  of  the 
calcium  carbonate  in  the  surrounding  liquid. 

The  foregoing  discussion  has  been  presented  entirely  from  the 
standpoint  of  the  classical  methods  of  analysis  and  interpretation, 
and  without  reference  to  the  limitations  of  the  titrimetric  method 
for  the  determination  of  alkalinity.  That  this  simple  treatment  is 
by  no  means  satisfactory  is  fully  recognized. 

The  end-point  reached  with  an  indicator,  such  as  methyl  orange 
in  the  presence  of  weak  organic  acids,  whidx  can  be  assumed  to  be 
present  in  sludge  filtrates,  is  by  no  means  definite.  The  color  changes 
obeerved  are  very  gradual,  and  the  tendency  is  to  add  too  much 
add.  The  end-point  is  also  rendered  uncertain  by  the  presence  of 
certain  substances,  such  as  phosphates  and  proteins,  which  act  as 
buffers,  tending  to  oppose  any  sharp  change  in  the  color  of  the 
indicator.  Under  these  conditions  end-points  are  indeterminate 
and  possibly  meaningless.  Instead  of  representing  CaCO,,  the 
alkalinity  results  may  merely  be  a  measure  of  how  well  the  dudge 
filtrate  is  buffered.  Unfortunately,  data  on  the  hydrogen  ion 
concentration  of  sludge  filtrates  are  not  available  and  some  practical 
difficulties  will  have  to  be  solved  before  such  determinations  can  be 
made. 

The  decrease  in  the  alkalinity  of  a  sewage  on  passing  through  a 
trickling  filter,  a  contact  bed,  or  an  activated  sludge  plant  is  shown 
in  the  following  table.  The  nitrates  and  the  5-day  oxygen  demand 
of  the  effluents  are  also  included  for  comparison. 

Table  No.  6. — Changes  in  the  cdkalinily  of  a  sewage  on  passing  throttgh  an  oxidiz- 

ing  device 

[Resulta  in  parts  per  mOlkm] 


TricklinK  fUters 


AftiUBky:  * 

lateii 
KflhM 

<"«yofyfHidflaiaod 


I 


W 

8 


01 


&3 


f 


3 


144 
63 


81 


3.3 
14 


in 

105 


72 


4.4 

ao 


189 
131 


58 


2L8 
7.1 


104 
152 


42 


18 


5 

9 

< 


82 

48 


34 


3.0 
4.2 


'5? 


s 


ao 

35 


34 


2.0 
8.0 


I 


•3 


210 

102 


27 


aft 
KO 


Contact 
beds 


104 

187 


27 


2L8 
20 


a 

a 
9 

o 


343 
364 


-11 


a3 

137 


Actiyated  sludge 


I 


o  • 


(Q 


304 
220 


84 


0.0 
7.4 


xi 

I 


§'8 


m 


270 

108 


72 


I 


811 
239 


72 


4.8 
U 


&8 
16 


515 
418 

-1 


1.2 
40 
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Whatever  significance  may  be  attached  to  alkalinity  results,  the 
changes  shown  above  are  not  subject  to  the  same  sources  of  error  as 
in  the  case  of  the  determinations  made  on  sludge  filtrates.  In  the 
sludge  filtrates  the  presence  of  weak  organic  acids  and  of  buffers 
might  account  for  a  good  part  of  the  indicated  change  in  alkalinity, 
but  in  the  effluent  of  an  oxidizing  device  the  organic  matter  content 
has  been  greatly  reduced  and  the  end-points  reached  are  very  sharply 
defined.  The  significance  of  these  results  is  emphasized  by  comparing 
the  decrease  in  alkalinity  with  the  degree  of  nitrification  and  the 
oxygen  demand  of  the  effluents  at  plants  where  the  raw  sewages  are 
somewhat  comparable.  At  Fitchburg,  where  a  maximum  decrease  of 
91  parts  per  million  was  observed,  a  maximum  of  nitrification,  in  a 
trickling  filter  effluent,  5.2  parts  per  million  of  nitrogen  as  nitrates, 
and  a  low  oxygen  demand  were  also  found.  At  Columbus,  where 
the  raw  sewage  is  somewhat  comparable  to  that  of  Fitchburg,  the 
smallest  decrease  in  alkalinity,  27  parts  per  miUion,  was  accompanied 
by  the  lowest  nitrification,  0.6  parts  per  miUion,  and  the  highest 
oxygen  demand,  49  parts  per  million,  observed  in  any  filter  effluent. 
It  might  be  objected  that  at  Fitchburg  the  filtering  material  is 
composed  of  trap  rock,  while  at  Columbus  limestone,  which  might 
have  an  effect  on  the  alkaUnity,  is  used.  The  same  general  tendency 
is  noted,  however,  if  Lexington  be  substituted  for  Fitchburg.  While 
nitrate  figures  are  not  available  for  Lexington,  the  oxygen  demand 
results  are  49  and  16,  and  the  decrease  in  alkalinity  27  and  42, 
respectively,  for  Columbus  and  Lexington. 

The  same  result  is  noted  if  the  results  from  two  contact  beds  are 
compared.  Alliance  shows  a  decrease  in  alkalinity  of  27  parts  per 
miUion  and  Canton  shows  a  slight  increase  or  practically  no  change; 
the  effluent  at  AlUance  is  much  more  stable  than  that  at  Canton. 

It  does  not  appear  that  this  relation  between  alkalinity  changes 
and  oxidation  is  limited  to  devices  involving  the  use  of  a  solid  filter 
material.  Large  decreases  in  alkalinity  were  found  at  the  Houston 
and  San  Marcos  activated  sludge  plants,  and  these  plants  produce 
very  highly  stabilized  effluents.  At  Sherman  a  condition  of  prac- 
tically no  change  in  the  alkalinity  of  the  sewage  in  passing  through 
the  plant  is  correlated  with  an  effluent  of  much  poorer  quality. 

The  Brighton  plant  at  Rochester  gave  an  effluent  of  very  high 
quality  and  showed  much  smaller  decrease  in  alkalinity  than  the 
Fitchburg  or  Baltimore  plants,  but  the  raw  sewage  at  Brighton  is  so 
much  weaker  than  the  raw  sewages  at  Baltimore  and  Fitchburg  that 
a  comparison  of  these  plants  is  not  justified. 

If  the  values  given  in  Table  No.  6  are  considered  along  with  other 
criteria  on  which  the  efficiency  of  a  plant  may  be  estimated,  it  appears 
that  a  sizable  reduction  in  the  alkalinity  of  the  sewage  as  it  passes 
through  an  oxidizing  device  is  correlated  with  the  efficient  behavior 
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of  the  plant  or,  roughly,  that  the  reduction  in  alkalinity  is  a  measure 
of  the  biological  activity  within  the  oxidizing  device. 

This  conclusion,  admittedly,  would  rest  on  a  somewhat  firmer  basis 
if,  instead  of  the  reduction  in  alkalinity,  we  were  to  consider  the  dis- 
placement in  the  pH  value  of  the  sewage  due  to  its  passage  through 
an  oxidizing  device.  Data  on  this  displacement  in  the  pH  value  are 
not  available  except,  by  inference,  at  Fitchburg,  wher^  the  pH  value 
was  such  that  the  effluent  of  the  trickling  filters  was  practically 
neutral  to  methyl  orange.  The  indicated  pH  value  in  this  case  is  in 
the  neighborhood  of  4.0.  The  pH.  value  of  raw  sewage  is  in  the 
n^iborhood  of  8.0.  If  instead  of  methyl  orange  an  indicator,  such 
as  methyl  red,  with  a  color  change  occurring  above  a  pH  value  of  5, 
had  been  chosen  the  Fitchburg  effluent  would  have  reacted  acid,  and 
the  influent  alkaline. 

In  the  absence  of  more  complete  analytical  data  it  would  be  haz- 
ardous to  present  any  definite  conclusions.  It  would  seem  probable, 
however,  that  the  displacement  in  the  pH  value  of  the  sewage  on 
passing  through  an  oxidizing  device,  might  be  a  measure  of  the  amount 
of  biological  activity  that  has  been  expended  on  the  purification  of 
the  sewage,  or  otherwise  stated,  a  measure  of  the  amount  of  organic 
matter  that  has  been  worked  over  by  the  bacteria.  It  would  be 
expected  that,  other  things  being  equal,  the  greatest  displacement 
should  occur  where  the  amoimt  of  organic  matter  oxidized  was  the 
greatest. 

From  the  tables  presented  above  and  the  accompanying  discussion 
it  is  apparent  that  the  alkalinity  of  a  sewage  is  subject  to  decided 
changes  as  the  sewage  passes  through  a  treatment  plant.  These 
changes,  however,  are  not  readily  interpretable  due  to  the  imcertain 
significance  of  the  alkalinity  determination.  It  would  seem  that  the 
substitution  of  the  readily  applied  colorimetric  determination  of  the 
hydrogen  ion  concentration  for  the  old  titrimetric  alkalinity  deter- 
mination would  furnish  information  of  more  definite  character  and 
of  great  potential  vdue  in  the  operation  of  a  sewage-treatment  plant. 
Since  this  determination  requires  no  greater  time  or  skill,  and  does 
not  involve  the  use  of  more  expensive  apparatus  than  that  required 
for  the  titrimetric  determination  of  alkalinity,  it  seems  advisable  to 
replace  the  alkalinity  determination  by  the  determination  of  the 
hydrogen  ion  concentration.  This  has  already  been  done  by  the 
bacteriologists  in  the  preparation  of  their  culture  media,  where  it  has 
been  shown  that  it  is  the  hydrogen  ion  concentration  of  a  medium 
rather  than  its  alkalinity  which  determines,  largely,  its  suitability  for 
the  growth  of  bacteria.  If  bacterial  activity  can  be  favored  by  an 
adjustment  of  the  pH  vidue  of  a  medium,  it  would  seem  that  a  study 
of  sewage  purification  from  this  angle  of  approach  would  offer  a  most 
promising  field  of  investigation. 
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It  would  be  liiglily  desirable,  for  instance,  to  secure  data  on  the 
pH  value  of  well-digested  sludges  with  the  object  of  determining 
whether  such  vdues  can  not  be  used  to  indicate  the  fitness  of  sludge 
for  withdrawal  from  a  tank. 

The  foaming  of  Imhoff  tanks  is  another  phenomenon  apparently 
correlated  with  a  change  in  the  character  of  biological  activity,  for 
which  no  satisfactory  explanation  or  method  of  control  is  as  jet 
available.  Here  again  a  knowledge  of  the  hydr(^n  ion  concentra- 
tion involved  might  offer  a  mode  of  attack.  The  slight  increase  in 
the  alkalinity  of  a  tank  effluent  is  possibly  paralleled  by  a  similar 
change  in  the  hydrogen  ion  concentration,  and  might  give  valuable 
information  as  to  the  behavior  of  the  Imhoff  tank. 

The  decided  decrease  in  the  alkalinity  of  a  sewage  on  passing 
through  an  oxidizing  device  is  undoubtedly  connected  with  a  change 
in  the  hydrogen  ion  equilibrium.  Here,  too,  hydrogen  ion  detomi- 
nations  might  give  a  measure  of  the  biological  activity. 

At  plants  where  acid  wastes  are  encoimtered,  adjustment  of  the 
sewage  to  a  normal  pH  value,  say  8.0,  would  seem  to  be  a  more 
rational  method  than  an  adjustment  to  a  given  alkalinity.  like- 
wise, in  experiments  on  sludge  digestion,  the  adjustment  of  the  sludge 
to  a  pH  value  most  favorable  to  the  special  types  of  bacteria  involved 
would  seem  a  logical  method  of  procedure.  Certainly  in  experiments 
on  the  chemical  precipitation  of  sewage  the  pH  value  is  an  important 
factor,  especially  if  it  is  considered  that,  for  many  substances,  an 
optimum  pH  value  exists  above  or  below  which  precipitation  is 
imperfect. 

2.  Chlorides 

The  chloride  content  of  a  strictly  domestic  sewage  should  vary 
somewhat  with  the  concentration  of  the  polluting  material  and  with 
the  character  and  amount  of  the  industrial  waste  contribution. 
Since  the  chloride  content  does  not  change  in  passing  through  the 
plant,  the  determination  is  of  potential  value  only  in  estimating  the 
strength  of  a  raw  sewage.  Its  usefulness  for  this  purpose  is  quite 
limited,  however,  and,  on  the  whole,  it  can  be  safely  stated  that  the 
determination  does  not  give  data  of  sufficient  value  to  warrant  its 
inclusion  in  a  routine  schedule  of  analyses. 

In  Table  No.  7,  the  chloride  results  obtained  during  the  survey 
have  been  arranged  in  the  descending  order  of  their  magnitude,  and 
the  corresponding  5-day  oxygen  demand  results  have  been  placed 
below. 
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Tablk  No.  7. — CwnparUan  of  the  chloride  eorUerU  of  raw  sewage  with  its  S-day 

oxygen  demand 

(Retkilts  in  parfii  per  million] 
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Any  agreement  between  the  chloride  content  and  the  oxygen 
demand  would  be  indicated  by  a  rather  constant  value  for  the  ratio 
d  the  two*  By  inspection  it  is  apparent  that  the  relation  is  a  very 
looee  one.  In  the  above  table,  the  chloride  results  are  uncorrected 
for  the  chloride  content  of  the  water  supply,  and  at  some  places  an 
appreciable  error  would  perhaps  be  introduced  by  this  omission.  As 
a  rule,  however,  the  chloride  content  of  a  water  supply  is  low  com- 
pared with  sewage.  At  Houston,  Atlanta,  and  Rochester,  where 
two  plants  were  studied,  the  chloride  content  appears  to  vary  someh- 
what  directly  with  the  oxygen  demand.  Without  corrections  for 
the  chloride  contributio  n  of  the  industrial  wastes,  the  strength  of  a 
sewage  as  indicated  by  its  chloride  content  would  be  entirely  mis- 
leading. 

In  Table  No.  8  the  contribution  of  chlorine  as  chloride  at  the 
plants  visited  has  been  computed  in  terms  of  grams  per  capita  per 
day.    Hie  plants  are  arranged  in  the  ascending  order  of  this  quantity. 

Tabls  No.  8. — ContribtUion  of  chlorine  as  chlorides  in  grams  per  capita  per  day 
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In  Table  No.  8,  the  chloride  content  of  the  water  supply  has  been 
A^Iected;    the  chlorine  determinations  are  those  made  during  the 
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survey;    and  the  total  flows  are  average  flows  under  dry  weather 
conditions. 

The  average  contribution  at  the  plants  studied  was  34  grains  per 
capita  per  day  with  an  average  deviation  of  about  ±10.  grams  from 
this  value. 

If  the  per  capita  per  day  contribution  of  chlorine  as  chlorides  is 
taken  as  34  grams  and  the  chloride  content  of  the  sewage  is  known, 
the  gallons  of  sewage  per  capita  per  day  can  be  computed.  The 
probable  error  involved  in  such  a  computation,  however,  would  be 
very  great. 

3.  Nitrogen  as  Nitrates 

Nitrification  is  a  time-honored  and  widely  used  criterion  of  the 
quality  of  an  efiluent.  For  the  determination  of  nitrates  in  sewage 
effluents  it  is  necessary  to  use  the  reduction  method,  since,  in  the 
presence  of  chlorides  in  amounts  above  10  or  15  parts  per  million, 
the  phenol-disulphonic  acid  method  is  entirely  unreliable.  The 
reduction  method,  while  capable  of  giving  accurate  results,  is  time- 
consuming  and,  in  many  respects,  unwieldly.  It  is  to  be  borne  in 
mind  that  the  quantity  re]>orted  as  nitrates  by  this  method  includes 
the  nitrites,  unless  the  nitrite  content  has  been  determined  on  a  sepa- 
rate sample  and  deducted.  The  inclusion  of  the  nitrites,  however, 
introduces  no  serious  error,  since  the  nitrite  content  is  usually  very 
low  and  the  significance  of  the  two  forms  of  nitrogen  is  much  the 
same.  The  term,  '* reducible  nitn^en,"  is  probably  more  descriptive 
of  the  value  in  question. 

While  the  degree  of  nitrification  can  be  taken  as  a  good  index  in 
judging  the  efilciency  of  a  particular  plant,  it  is  not  a  value  which  can 
be  used  for  a  comparison  of  various  methods  of  treatment  or  for 
estimating  the  relative  efilciency  of  different  plants,  unless  it  is 
assumed  that  the  nitrogen  content  of  all  sewages  is  the  same,  an 
assumption  which  is  surely  not  warranted. 

Other  things  being  equal,  the  amount  of  nitrates  present  in  an 
effluent  should  be  somewhat  proportional  to  the  amount  of  nitrifi- 
able  material  present.  If  it  is  assimied  that  the  nitrogen  content  of 
sewage  is  roughly  proportional  to  its  strength  or  to  the  concentration 
of  polluting  material  in  the  sewage,  it  would  appear  that  a  weak 
sewage,  although  very  highly  purified,  could  not  be  expected  to  show 
as  high  a  nitrate  content  as  a  much  stronger  sewage  which  has 
reached  an  equally  high  degree  of  purification.  This  appears  to  be 
the  condition  at  some  of  the  plants  visited.  For  example,  if  the 
nitrate  content  of  6.1  parts  per  million  in  the  final  effluent  from  the 
Fitchburg  plant  is  compared  with  the  nitrate  content  of  only  2.9 
parts  per  million  in  the  final  effluent  from  the  Kochester  plant,  it 
might  be  inferred,  using  the  extent  of  nitrification  as  a  basis  of  com- 
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parisoQ,  that  the  Fitchburg  plant  was  operating  much  more  efficiently 
than  the  Rochester  plant.  The  raw  sewage  at  Fitchburg,  however,  is 
more  than  twice  as  strong  as  that  at  Rochester  and,  if  the  above 
reasoning  is  correct,  the  nitrate  content  at  Fitchburg  should  be  twice 
as  high  as  at  the  Rochester  plant.  These  two  plants  have  been 
ehosen  for  comparison  because  it  is  believed  that  each  one  is  turning 
out  about  as  good  an  effluent  as  is  possible  with  the  methods  of 
treatment  used. 

In  the  interpretation  of  nitrate  results,  therefore,  the  strength  of 
the  raw  sewage  should  be  considered,  and  allowance  made  for  the  fact 
that  nitrification,  measured  in  absolute  units,  is  not  a  suitable  test  for 
tise  in  comparing  the  relative  efficiency  of  various  plants  unless 
complete  information  concerning  the  various  forms  of  nitrogen  is 
available.  It  is  very  doubtful  whether  the  additional  information 
gained  would  justify  the  time  and  labor  involved. 

4.  Relative  Stability 

A  decided  advantage  of  this  method  is  its  simplicity,  which  makes 
it  available  for  use  by  a  nontechnical  plant  foreman  in  judging  the 
quality  of  an  effluent.  In  general,  if  an  undiluted  effluent  holds  up 
for  five  days  at  ordinary  temperatures,  it  can  be  stated  that  the 
offluent  is  sufficiently  stabilized  and  will  not  cause  gross  niiisance. 

During  the  survey  relative  stabihty  tests  were  made  with  tests  for 
the  biochemical  oxygen  demand  by  the  excess  oxygen  method.  The 
results  obtained  by  the  two  methods  are  fairly  concordant,  due 
allowances  being  made  for  the  limitations  of  the  relative  stabihty 
test.  The  time  required  for  the  decolorization  of  methylene  blue  is 
Dot  a  quantity  that  can  be  determined  very  accurately,  since  the 
color  change  involved  is  by  no  means  always  sharply  defined.  Un- 
mistakable colorations  will  persist  for  days  after  the  bulk  of  the  color 
has  disappeared,  and  this  can  hardly  be  ascribed  to  reaeration  when 
the  color  is  uniformly  distributed  throughout  a  tightly  stoppered 
bottle.  Whatever  the  explanation  may  be,  the  frequent  absence  of 
a  sharp  end-point  affects  the  accuracy  of  the  relative  stabihty  method 
somewhat  seriously,  and  makes  it  inadvisable  to  use  the  relative 
stability  determination  'where  more  than  roughly  quantitative 
information  is  desired.  The  degree  of  concordance  between  the  two 
methods  will  be  illustrated  by  a  few  examples. 

At  the  Houston  north  side  plant  the  effluent  samples  incubated  in 
the  presence  of  methylene  blue  held  up  for  10  days  or  over  and  the 
5-day  oxygen  demand  of  the  effluent  was  11  parts  per  miUion;  at 
Fitchburg  the  samples  held  up  for  10  days  also,  but  the  oxygen 
demand  was  21.  At  the  Rochester  Brighton  plant  the  samples 
hdd  up  for  over  5  days  and  the  oxygen  demand  of  the  effluent  was 
5.2  parts  per  miUion,  while  at  Lexington  the  relative  stabihty  sam- 
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pies  held  up  for  over  5  days  also,  but  the  oxyg^i  demand  of  the  efflo- 

eat  was  16  parts  per  million.    At  Canton,  Sherman,  and  Columbus^ 

however,  the  samples  incubated  in  the  presence  of  methyioie  blue 

held  up  for  less  than  5  days  and  the  oxygen  demand  yalaes  were  87, 

40,  and  49,  respectively. 

From  the  above  illustrations,  and  from  tests  made  at  other  plants^ 

it  appears  that  whenever  the  5-day  oxygen  demand  is  below  20  partB 

per  million  the  relative  stability  test  will  show  that  the  effluents  are 

all  about  alike,  i.  e.,  the  samples  will  not  decolorize  within  6  or  10 

days.    If  the  oxygen  demand  is  in  the  neighborhood  of  40  or  50 

parts  per  milUon,  this  fact  will  be  indicated  by  the  deccdorization  ci 

methylene  blue  after  less  than  5  days  of  incubation.    A  choice  be* 

tween  the  two  methods  of  estimating  the  quality  of  an  effluent  is 

determined  by  the  degree  of  accuracy  desired,  or  the  use  to  which 

the  information  is  to  be  put. 

Considering  the  two  activated  sludge  plants  at  Houston,  it  would  be 
impossible  to  determine  by  inspection  or  by  the  physical  appearance 
of  the  effluents  which  plant  was  giving  the  better  effluent,  the  efflu^its 
at  both  of  these  plants  being  very  highly  purified.  Hie  structural 
features  of  these  plants  are  almost  identical,  the  main  difference 
being  the  number  of  imits  provided.  The  methods  of  operation; 
however,  differ  in  some  respects,  e.  g.,  at  one  plant  sludge  removal 
from  the  sedimentation  tank  is  continuous,  while  at  the  oth^  the 
sludge  is  removed  intermittently.  The  relative  stability  test  indi- 
cates that  both  plants  are  performing  equally  well,  all  samples  hold- 
ing up  for  at  least  10  days.  The  6-day  oxygen  demand  of  the  north 
side  plant,  however,  was  11  parts  per  million,  while  that  of  the  south 
side  plant  was  only  7.4  parts  per  million.  These  results  are  in  accord- 
ance with  other  chemical  data  from  which  the  character  of  the  two 
effluents  might  be  judged,  e.  g.,  the  degree  of  nitrification,  the  dis- 
solved oxygen  content,  and  the  character  of  the  sludge. 

The  relative  stability  test  can  also  be  used  for  estimating  the 
strength  of  a  raw  sewage.  The  dilutions  involved  and  the  neceesaiy 
determinations  of  the  initial  available  oxygen  content,  however, 
require  the  services  of  a  chemist,  in  which  case  the  strength  of  the 
sewage  is  best  determined  by  the  oxygen  demand  test  with  a  much 
higher  degree  of  accuracy  and,  possibly,  a  lesser  expenditure  of  time. 

5.  Settleable  Solids 

The  settleable  solids  represent  the  coarser  portion  of  the  suspended 
matter  or,  better,  that  portion  of  the  suspended  matter  which  settles 
out  readily.  This  quantity  may  be  determined  by  noting  the  vol- 
ume of  the  solids  which  settle  out  in  a  given  time  from  a  known 
volume  of  sewage  contained  in  a  glass  vessel  of  suitable  shape.  The 
results  are  expressed  in  cubic  centimeters  of  solids  that  setUe  out  of 
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a  pvea  Tohime  of  sewage  within  a  specified  time.  The  setUeable 
sdSdB  mar  abo  be  determined  by  weight  if  the  suspended  matter  in  the 
raw  sewage  is  known  and  the  suspended  matter  in  the  supernatant 
floid  of  the  raw  sewage  is  determined  after  allowing  the  solids  to 
settle  tor  a  definite  time. 

The  following  table  has  been  prepared  to  bring  out  the  relationship 
between  these  two  qoantitieB: 


Tabue  Now  9. — CompariMm  o^  ike  aettleabU  BoUdM  by  volume  with  the  settleable  solids 

by  weight  in  raw  sewage 
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The  agreonent  between  the  ratios  given  in  the  above  table  is  a 
rou^  measure  of  the  correspondence  between  the  settleable  solids 
by  volume  and  the  settleable  solids  by  weight.  It  is  not  to  be  ex- 
pected that  the  agreonent  would  be  any  too  close,  since  the  det^^ 
mination  of  settleable  solids  is  subject  to  many  sources  of  error. 
Hie  variation  in  the  value  of  the  ratio  is  to  be  connected,  to  some 
extent  at  least,  with  the  character  of  the  settleable  solids,  and  the 
deviation  from  the  average  ratio  is  a  rough  measure  of  the  state  of 
di^tegration  of  the  settleable  solids.  The  effect  of  the  degree  of 
disintegration  cm  the  settleable  solids  by  volume  is  well  illustrated 
at  the  Rochest^  Irondequoit  plant,  where  the  settleable  solids  by 
Tohime  in  the  raw  sewage  b^ore  and  after  passing  through  a  Riensch* 
Wurl  screen  were  2.1  and  2Ji  c.  c.  per  Uter  respectively.  In  this 
case  the  apparent  increase  was  very  evidently  due  to  a  change  in  the 
character  of  the  8iii^>ended  matto*,  the  settled  solids  in  the  Biensch- 
Worl  screen  eSStoaai  being  visibly  more  highly  disaggregated  than 
those  in  the  raw  sewage.  In  the  case  of  Imhoff  and  septic  tank 
e£Buents  the  settleable  solids  by  volume,  as  a  rule,  are  hardly  measur* 
able  with  any  degree  of  accuracy. 

In  the  following  table  a  comparison  is  made  betweien  the  hfXi\h^ 
able  solids  by  volume  and  the  total  suspended  matter  in  the  effluent 
of  the  sedimentation  tanks  studied. 


22 


SEWAGE  TREATMENT  IN   THE  UNITED  STATES 


Tablb  No.  10. — Comparison  of  the  seUleable  solida  by  volume  with  the  total  sus- 
pended matter  in  tank  effluents 
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1  Tr.  indicates  less  than  0.1  c.  c.  per  liter. 
*  Results  in  parts  per  million. 

In  general,  it  is  only  when  the  total  suspended  matter  reaches  a 
value  of  about  100  parts  per  million  that  the  settleable  solids  are 
greater  than  a  trace,  i.  e.,  0.1  c.  c.  per  liter.  The  applicability  of  the 
settleable  solids  by  volume  determination  to  tank  effluents  is,  there- 
fore, restricted  to  the  extreme  case.  While  it  is  very  useful  for  this 
purpose,  it  can  not  be  used  to  differentiate  a  very  good  from  a  fair 
effluent.  With  a  raw  sewage  the  test  is  universally  applicable, 
since  a  measurable  amount  of  settleable  solids  is  always  present. 
In  this  case  the  determination  can  furnish  information  of  value  in 
preliminary  studies,  such  as  are  made  at  sewage-testing  stations, 
where  the  volume  of  the  settleable  solids  is  a  factor  in  the  design  of 
a  tank. 

The  forgoing  remarks,  however,  are  not  applicable  to  activated- 
sludge  plants.  Here  the  volume  of  the  sludge  is  an  important 
factor  in  the  control  of  plant  operation  and  the  determination  of 
the  volume  of  the  settled  sludge  is  an  important  test.  The  volume 
occupied  by  the  same  weight  of  sludge  is  greatly  influenced  by  the 
settling  period  chosen  and  the  character  of  the  sludge.  Since  acti- 
vated sludge  has  a  tendency  to  decompose  very  rapidly,  the  settling 
period  can  hardly  be  extended  much  over  a  half  hour,  and  for  routine 
plant  operation,  where  the  volume  of  the  sludge  in  the  system  is 
to  be  maintained  within  a  favorable  range,  the  time  of  settling  may 
be  even  shorter.  The  following  table  illustrates  the  change  in  volume 
with  respect  to  time: 

Table  No.  11. — Volume  of  settled  activated  sludge  after  various  intervals  of  time 
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On  standing  overnight  the  sludge  from  the  tank  effluent  had  risen 
to  the  top  of  the  vessel  while  the  returned  sludge  occupied  a  volume 
of  425  c  c.  in  the  Imhoff  cone  and  380  c.  c.  in  the  1,000  c.  c.  cylinder. 
It  is  evident  that  the  volume  of  the  sludge  changes  very  rapidly  with 
the  time.  Other  tests  of  similar  nature  indicate  that  the  volimie  is 
ilso  influenced  by  the  shape  of  the  vessel  used.  Cylindrical  vessels, 
soch  as  1,000  c.  c.  graduates,  appear  to  be  the  most  satisfactory. 

In  interpreting  this  test  as  applied  to  activated  sludge  it  is  to  be 
borne  in  mind  that  the  volume  occupied  by  the  settled  sludge  does 
not  bear  a  constant  relation  to  the  actual  weight  of  sludge  present 
unless  the  diaracter  of  the  sludge  remains  the  same.  If  sludge  is 
suspected  of  having  ''gone  bad"  its  physical  appearance,  its  odor,  or 
its  color  are  probably  better  indications  than  the  volume  it  occupies 
on  settling.     These  facts  are  brought  out  in  the  following  table: 

Tabli  No.  12. — Comparison  of  the  volume  occupied  by  settled  activated  sludge  from 
aeration  tank  effluents  with  its  total  suspended  matter  content 
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It  is  apparent  from  this  table  that  the  conclusions  reached  at  differ- 
ent plants  would  differ  widely  if  the  volume  of  the  sludge  were  taken 
as  an  index  of  the  amomit  of  sludge  present.  At  Sherman,  where  the 
greatest  vohmie  of  sludge  was  obtained;  the  CK^tual  weight  of  the  sludge 
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was  the  least.  At  the  Houston  south  side  plant  the  yolume  of  sludgt 
was  very  low  but  the  actual  weight  of  the  sludge  was  the  highest 
observed,  reaching  a  value  of  around  10,000  parts  per  million,  or  about 
1  per  cent.  If  instead  of  comparing  different  plants,  however,  re 
suits  obtained  at  any  particular  plant  are  examined,  it  appears  thai 
the  volume  bears  a  definite  relation  to  the  actual  weight  of  sludge 
present.  This  is  indicated  by  a  fairly  constant  value  at  any  gives 
plant  for  the  ratio  of  the  voliune  after  30  minutes'  settling  to  the 
actual  weight  of  sludge  in  the  eflBuent.  Since  the  character  of  the 
sludge  did  not  change  appreciably  in  the  short  period  spent  at  each 
plant,  it  seems  logical  to  conclude  that  the  volume  occupied  by  the 
sludge  does  bear  a  rather  definite  relation  to  the  actual  we^ht  d 
sludge  present  as  long  as  the  character  of  the  sludge  remains  the  same. 
This  relation  is,  however,  affected  to  a  surprising  extent  by  any 
change  in  the  character  of  the  sludge. 

At  the  Houston  south  side  plant,  where  the  highest  ratio,  42,  was 
obtained,  the  sludge  was  characterized  as  "very  good  sludge"  and 
the  plant  was  in  very  good  working  order.  At  the  Houston  north 
side  plant,  where  the  average  ratio  was  23,  some  difficulty  had  been 
experienced  with  the  sludge  just  previous  to  the  survey.  The  sewage 
treated  at  this  plant  is  not  much  stronger  than  at  the  south  side  plant, 
and  the  final  effluent,  although  very  highly  purified,  was  not  quit« 
as  good  as  that  from  the  south  side  plant.  At  San  Marcos,  where  the 
ratio  is  about  8,  the  sewage  receives  some  preliminary  treatment 
before  reaching  the  activated-sludge  plant,  by  which  a  good  part  of  the 
suspended  matter  is  removed.  The  5-day  oxygen  demand  of  the 
effluent  from  this  plant  is  about  twice  as  great  as  that  of  the  Houstoii 
plants,  and  the  5-day  oxygen  demand  of  the  plant  influent  is  onlr 
about  one-half  as  great.  This  plant  could  not  be  said  to  be  working 
as  efficiently  as  the  larger  Houston  plants.  The  Sherman  plant  wi 
admittedly  out  of  order,  and  the  sludge  could  very  well  be  characi 
ized  as  *'  bad  "  sludge.     The  ratio  derived  is  about  5. 

From  the  above  discussion  it  would  appear  that,  for  an  accural 
estimate  of  the  quaUty  of  activated  sludge,  the  volume  occupied 
the  settled  sludge  as  well  as  its  suspended  matter  content  must 
determined.     It  also  appears,  from  the  comparison  of  the  ratios  of  t] 
suspended  matter  to  the  volume,  that  the  volumes  obtained  after 
minutes  of  settling  will  give  information  of  about  the  same  degree 
reliability  as  if  the  longer  period  of  30  minutes  had  been  used. 

6.  Suspended  Matter 

This  test  is  of  fundamental  importance  in  sewage  analysis  both 
a  guide  in  the  design  of  a  plant  and  as  an  aid  to  its  proper  o{>erati< 
Using  the  Gooch  crucible  method,  the  determination  can  be  mi 
with  a  relatively  high  degree  of  accuracy,  the  probable  error  vi 
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with  the  character  of  the  suspended  matter.  The  main  source  of 
error  is  due  to  the  difficulty  of  seciuing  a  representative  sample  since, 
without  a  disproportionate  expenditure  of  time,  it  is  seldom  possible 
to  filter  more  than  50  to  100  c.  c.  of  sewage.  With  a  raw  sewage  the 
tendency  is  for  the  results  to  be  too  low,  due  to  the  necessary  exclusion 
of  (he  larger  particles  such  as  fruit  skins,  and  other  substances  of 
similar  nature  which  are  best  described  as  settleable  soUds.  If  these 
coarser  particles  are  first  removed  and  the  balance  of  the  sewage 
is  well  disintegrated,  as  by  vigorous  shaking,  the  accuracy  of  the  test 
is  considerably  increased.  This  is  well  illustrated  by  the  following 
results  obtained  at  Bochester  in  a  study  of  Riensch-Wurl  screens. 

Table  No.  13. — VariiUions  in  suspended  matter  determinoHons 

[Results  in  parts  per  mfflion] 


Raw  sewage 

RieDBcfa-Warl  screen  effluent 

Date 

Duplicates 

Averaice 

cent 
deria- 

Uon 

Duplicates 

Average 

Per 

cent 

A 

B 

C 

D 

devia- 
tion 

Jrfyai.-. 

as 

tf 

».. 

400 
280 

aoi 

138 
104 

290 
364 

100 
12B 
122 

378 
3S7 
197 
138 
143 

21.8 
2.7 
8.6 
8.8 

14.7 

812 
280 
202 
132 

144 

808 
280 
206 
130 
148 

310 
888 
204 
134 
140 

LI 
LO 
L6 

» 

L4 

Avwages 

943 

200 

222 

±9.Z 

215 

210 

216 

±L1 

AH  tests  recorded  in  the  above  table  were  made  on  samples  com- 
posited over  24-hour  periods.  Before  removing  a  portion  for  the 
test,  the  bottles  were  shaken  vigorously  and  every  precaution  was 
taken  to  make  the  analyses  comparable  in  every  way.  The  results 
tabulated  under  columns  A  and  B  are  duplicate  determinations  made 
on  the  raw  sewage,  and  the  results  xmder  columns  C  and  D  are  dupU- 
cate  determinations  made  on  the  Riensch-Wurl  screen  effluent. 
This  effluent  was  in  every  way  comparable  with  the  raw  sewage  ex- 
cepting that  the  coarser  particles  had  been  removed  and  the  rest  of 
the  suspended  matter  had  been  well  dismtegrated  by  the  action  of 
the  brushes.  The  result  was  a  sample  with  a  very  homogeneous 
duq)ended  matter  content.  This  is  indicated  by  the  excellent  agree- 
ment between  the  duplicate  determinations  and  the  low  average  de- 
viation, 1.1  per  cent,  which  in  this  case  is  a  measure  of  the  probable 
error  involved.  The  corresponding  raw  sewage  samples  collected 
and  tested  under  exactly  the  same  conditions  show  an  average  devia- 
tion of  9.3  per  cent  from  the  average  value  obtained  when  duplicate 
tests  are  made. 

The  series  of  tests  presented  is  not  sufficiently  extensive  to  be 
made  the  basis  of  very  definite  conclusions.     It  nevertheless  confirms 
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a  general  opinion  and  shows  an  unmistakable  tendency.  A  more 
extensive  series  of  tests  presented  in  Table  No.  41  indicates  that 
the  suspended  matter  content  increased  by  about  5  per  cent  on  passing 
through  the  Riensch-Wurl  screen.  This  obviously  questionable 
result  is  readily  explained  if  it  is  considered  that  the  results  for  the 
suspended  matter  content  of  the  raw  sewage  may  be  in  error  by  over 
9  per  cent  and  that  the  tendency  is  for  the  raw  sewage  results  to  be 
too  low.  The  amount  of  suspended  matter  removed  by  the  Riensch- 
Wurl  screen  would  have  to  be  in  the  neighborhood  of  10  or  15  per 
cent  before  any  removal  could  be  indicated  with  certainty  by  sus- 
pended matter  determinations.  A  direct  weighing  of  the  screenings 
removed  is,  of  course,  the  indicated  method  of  procedure.  The 
limitations  of  the  suspended  matter  determination  do  not  lead  to 
serious  errors  of  interpretation,  however,  when  the  test  is  applied 
to  the  eflBuents  of  the  ordinary  devices.  Since  in  any  complete 
system  of  sewage  treatment  the  removal  of  the  bulk  of  the  suspended 
matter  in  the  form  of  sludge  is  one  of  the  main  objectives,  this 
determination  is  of  great  value  and  in  most  cases  an  error  of  10  per 
cent,  or  even  more,  does  not  affect  the  validity  of  the  conclusions 
drawn.  The  test  is  especially  useful  for  the  estimation  of  the  per 
cent  removal  effected  by  the  various  types  of  tanks  and  is  the  best 
index  available  for  jud^g  the  efficiency  of  tank  treatment. 

The  suspended  matter  determination  is  also  of  great  importance 
in  estimating. the  fitness  of  effluents  from  oxidizing  devices  for  dis- 
charge into  streams,  since  an  imperfect  removal  of  suspended  matter 
is  probably  a  more  frequent  cause  of  gross  nuisance  than  an  insuffi- 
cient stabilization  of  the  soluble  impurities  in  the  sewage.  For  this 
reason  the  suspended  matter  content  of  the  final  effluent  is  a  test 
which  can  not  very  well  be  omitted  in  an  analysis  of  sewage. 

7.  Ammonia  Nitrogen 

This  test  was  made  only  at  the  four  activated  sludge  plants  visited 
during  the  survey.  In  the  following  table  the  values  obtained  are 
compared  with  the  results  of  two  other  determinations. 

Table  No.  14. — Comparison  of  the  ammonia  nitrogen  content  of  sewage  at  dijfererd 
stages  of  purification  vnth  the  results  of  other  determinations 


Raw  sewage 

Septic  tank 
effluent 

Final  efflnesi 

Plant 

Am- 
monia 
nitrogen 

&-day 
o^jgen 
demand 

Am- 
monia 
nitrogen 

5-day 

oxygen 

demand 

Am- 
monia 
nitrogen 

6-dliy 
oxygen 
demand 

NitrOgB 

as 
nitcatM 

flan  Mar"w 

15 
18 
17 
26 

«7 
112 
115 
202 

17 

57 

2.8 
1.7 
4.3 
S3 

16 
7.i 

11 
40 

a$ 

Houston  (south  side) 

6.0 

Houston  (north  side) 

4.0 

Sherman 

LS 
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While  no  definite  conclusions  can  be  derived  from  such  a  small 
number  of  obseryations,  the  indications  are  that  the  ammonia 
nitrogen  content^  in  general,  varies  directly  with  the  oxygen  demand 
and  inyersely  with  the  nitrate  content,  i.  e.,  a  low  nitrogen  content  is 
correlated  with  a  low  oxygen  demand  and  high  nitrates.  On  the 
whole  the  determination  appears  to  be  of  value  at  activated  sludge 
plants.  The  test  can  very  readily  be  performed  if  the  direct  nessler- 
ization  method  is  used.  The  information  furnished  by  the  test  is  of 
corroboratory  nature  and  its  usefulness  is  limited  to  that  extent. 

CcHisidering  the  results  presented  in  Table  No.  14,  it  is  evident  that 
if  the  ammonia  nitrogen  had  been  completely  converted  into  nitrates, 
the  nitrate  content  of  the  final  effluents  from  the  Houston ,  plants 
would  have  been  7.7  at  the  south  side  plant  and  8.9  at  the  north  side 
plant.  Even  if  an  allowance  is  made  for  the  presence  of  forms  of 
nitrogen  other  than  ammonia  nitrogen,  the  total  potential  nitrates 
at  these  activated  sludge  plants  would  hardly  exceed  10  or  12  parts 
per  miUion.  In  this  conilection  it  is  to  be  noted  that  a  considerable 
portion  of  the  total  nitrogen  disappears  during  the  aeration  process, 
presumably  as  free  nitrogen.  If  no  nitrogen  was  lost,  the  potential 
nitrification  might  reach  30  or  40  parts  per  milUon. 

8.  Ether-Soluble  Matter  (Fats) 

The  ether-soluble  matter  of  the  raw  sewage  was  determined  at  all 
plants  visited.  The  results,  summarized  in  Table  No.  15,  indicate 
that  the  quantity  of  this  constituent  is  subject  to  considerable  varia- 
tion. 

TiBUE  No.  16. — Comparison  of  the  ether-soluble  matter  (JaC)  content  of  raw  sewage 

with  its  S-day  oxygen  demand 

[R«8u]ts  in  parts  per  iniUlon] 
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In  the  above  table  the  plants  are  arranged  in  the  ascending  order 
of  magnitude  of  the  ether-sohible  matter  content  of  the  respective 
sewages  excepting  the  Atlanta  Peachtree  plant.  At  both  the  Atlanta 
plants  the  ether-sohible  matter  content  appears  to  be  dispropor- 
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tionately  high.  Assuming  the  ether-soluble  matter  content  of  the 
average  sewage  to  be  about  40  parts  per  million,  the  total  fat  conteat 
of  sewage  is  about  330  pounds  per  million  gallons  or  one-half  ounce 
per  capita  per  day. 

The  ether-soluble  matter  appears  to  vary  somewhat  directly  with 
the  5-day  oxygen  demand.  Except  at  the  Atlanta  plants,  the  oxy- 
gen demand  is  about  three  times  as  great  as  the  ether-soluble  matter 
content. 

This  determination  was  also  made  on  sewage  sludges.  The  results 
are  presented  in  Table  No.  62. 

9.  OxTQBN  Consumed 


While  this  test  has  lost  a  great  deal  of  its  former  importance  due 
to  the  introduction  of  biochemical  oxygen  demand  methods,  it  is, 
nevertheless,  so  generally  in  use  that  it  was  thought  advisable  to 
include  it  in  the  tests  made  during  the  survey.  The  significance  of 
the  test  is  best  shown  by  a  comparison  with  the  corresponding 
oxygen  demand  values. 

Table  No.  16. — Compariaon  of  permanganaie  oxygen  contumed  wUh  &-day  bio- 
chemical oxygen  demand  restdU 

[Results  in  parts  per  mfflian] 


Plant 


Rochester  (Brighton). 

San  Marcos 

Lexington 

Atlanta  (Intrench) . . . 
Atlanta  (Peachtree) . . 

Alliance 

Houston  (south  side) . 
Rochester  (Ironde- 

quoit) 

Baltimore 

Houston  (north  skie). 

Reading 

Canton 

Columbus 

Sherman 

Fitchburg 


Average. 


Analyses  at  various  stages  of  operation 


Raw  sewage 


Oxy- 
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46 
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67 
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02 
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164 


Ratio 


2.8 
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17 


Tank  effluents 


Oxy- 
gen 
con- 
sumed 


15 
18 
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The  average  ratio  derived  for  raw  sewages  and  tank  effluents  is 
2.7,  while  for  relatively  highly  purified  effluents  it  is  only  1.3.  As  the 
raw  sewage  becomes  more  and  more  piuified  the  two  values,  appar- 
ently, tend  to  approach  each  other.     This  dependence  of  the  value 
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indoded  for  comparison.  In  general,  the  dissolved-oxygen  content 
is  not  correlated  with  the  oxygen  demand  of  the  sample.  If  tem- 
peratm^  effects,  however,  are  eliminated  by  comparing  plants  in  the 
same  city,  e.  g.,  the  Atlanta  plants  or  the  Houston  plants,  the  dis- 
solved oxygen  content  appears  to  vary  inversely  with  the  oxygen  de- 
mand, as  would  be  expected.  For  the  proper  interpretation  of  dis- 
solved oxygen  results  a  knowledge  of  the  temperature  conditions  is 
essential.  On  the  whole,  it  appears  that  the  determination  of  the 
dissolved  oxygen  content  of  an  effluent  possesses  its  greatest  value 
^en  used  as  an  adjunct  of  the  biochemical  oxygen  demand  test. 

11.  Biochemical  Oxygen  Demand 

This  test  was  made  on  the  raw  sewages  and  the  various  effluents 
at  all  plants  visited.  Throughout  the  preceding  discussion  the  other 
teste  used  in  sewage  analysis  have  been  compared  with  the  corre- 
sponding oxygen  demand  value*  The  test  appears  to  furnish  by  far 
the  most  valuable  information  as  to  the  behavior  of  the  plants  and  the 
«ffiaency  of  the  various  devices  used  in  sewage  purification.  "With 
suitable  precautions  a  high  degree  of  accuracy  is  attainable,  and  once 
a  routine  has  been  established  the  time  and  labor  involved  is  no 
greater  than  is  required  for  a  nitrate  determination  or  an  oxygen- 
coQsomed  test.  The  oxygen  demand  determination  has  the  decided 
advantage  that  it  is  applicable  to  sewage  in  all  stages  of  purification, 
and  the  information  that  it  furnishes  can  be  used  independently  of 
the  results  of  other  determinations. 

When  dilutions  are  made  with  raw  sewage,  the  degree  of  dilution 
can  be  used  in  estimating  its  effect  on  a  receiving  body  of  water.  In 
the  absemce  of  bacteriological  data  the  determination  of  the  oxygen 
demand  of  a  stream  above  and  below  the  point  where  an  dfiuent  is 
discharged  is  probably  the  best  index  of  the  effect  of  the  sewage  on 
the  stream. 

12.  Sludge  Analyses 

Samples  of  sludge  were  taken  at  most  of  the  plants  visited,  and 
complete  analyses  are  presented  in  Tables  Nos.  62  and  63  (pp.  176, 
177). 

For  routine  work  determinations  of  moisture  content  and  specific 
gravity  are  of  importance.  Where  the  sludge  is  being  advocated  for 
use  as  a  fertilizer,  total  nitrogen  detenninations  are  of  course  essential. 

In  the  interpretation  of  data  on  the  specific  gravity  of  sludge  it  is 
to  be  remembered  that  the  specific  gravity  as  determined  analyti- 
cally does  not  represent  the  specific  gravity  of  the  sludge  when  it  is 
in  the  bottom  of  a  tank  under  a  head  of  20  to  30  feet  of  water.  On 
being  brought  to  atmospheric  pressure  a  good  portion  of  the  dis- 
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solved  gases  may  be  Uberatod,  and  this  may  affect  the  specific  gravity 
to  a  considerable  d^ree. 

CONCLUSIONS  BASED  ON  LABORATORY  STUDIES 

SewagC;  analytically  considered;  may  be  conveniently  resolved  into 
its  soluble  or  colloidal  and  its  suspended  or  readily  settleable  con- 
stituents. Practically  the  aim  of  all  methods  of  sewage  treatment 
is  the  oxidation  of  the  soluble  or  colloidal  portion  and  the  removal 
of  the  suspended  or  readily  settleable  portion  as  an  inoffensive  or 
even  a  marketable  sludge.  The  aim  of  sewage  analysis,  therefore, 
should  be  to  determine  both  the  d^ree  to  which  Uie  removal  of 
suspended  matter  has  been  effected  and  th^  state  of  oxidation  of 
the  soluble  portion  which  is  to  be  discharged  into  a  stream.  The 
suspended  matter  detamination  by  the  Gooch  crucible  method  is 
very  generally  accepted  as  a  satisfactory  meliiod  for  estimating  the 
removal  of  the  suspended  matter.  Opinions  differ  widely,  however, 
in  the  choice  of  suitable  methods  for  the  estimation  of  the  degree 
of  oxidation  effected,  and  it  is  believed  that  progress  in  sewage  treat- 
ment is  being  greatly  retarded  by  t^is  lack  of  agreement. 

Based  on  the  results  obtained  during  the  survey  and  the  results 
of  extensive  tests  on  industrial  wastes  uid  several  riv^  waten,  it 
appears  that  the  5-day  biochemical  oxygen  demand  as  determined 
by  the  excess-oxygen  method  is  the  best  method  available  for  esti- 
mating the  strength  of  a  raw  sewage,  the  efficiency  of  the  various 
devices  used  in  sewage  purification,  and  the  quality  of  the  effluents 
produced. 

These  two  tests,  the  oxygen  demand  and  the  suspended  matter, 
seem  to  be  capable  of  furnishing  about  all  the  analytical  data  that 
is  required  for  the  proper  operation  of  the  ordinary  sewage  treat- 
ment plant,  and  are  suggested  as  an  irreducible  minimum  of  labor- 
atory work.  At  activated  sludge  plants  the  settleable  solids  and 
the  ammonia  nitrogen  should  be  determined  in  addition.  Oihtf 
tests  are  of  value  as  additional  circumstantial  evidence  but  should 
not  be  added  to  a  routine  schedule  xmless  for  research  purposes  or 
where  special  conditions  make  it  necessary  to  do  so. 

In  this  connection  it  must  be  remembered  that  the  analytical 
work  during  this  survey  was  restricted  to  chemical  studies.  No 
mention  is,  made  therefore,  of  the  bacteriological  tests,  though  it 
is  appreciated  that  they  are  valuable  and  essential  at  some  plants. 
Moreover,  tests  designed  to  furnish  information  as  to  the  fitness  of 
sludge  for  withdrawal  do  not  seem  to  be  developed  sufficiently  to 
warrant  any  definite  recommendation. 

Determinations  of  nitrogen  in  its  various  forms  are  time-honored 
procedures  which  furnish  more  or  less  useful  indirect  information 
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but  do  not  appear  to  be  essential  for  efficient  plant  operation.  These 
teste  are  generally  time  constuningy  and,  at  best,  furnish  information 
on  only  half  Uie  polluting  material  present,  the  nitrogenous. 

Nitrate  determinations  may  be  useful  in  estimating  the  quality 
of  in  effluent  but  of  course  can  not  be  used  for  estimating  the 
straigth  of  a  raw  sewage.  Ammonia  nitrogen  determinations  are 
Tery  readily  madci  using  the  direct  method,  but  do  not  furnish  very 
reliable  information  in  most  cases.  Albuminoid  ammonia  and  total 
nitrogen  determinations,  requiring  considerable  apparatus  and  time, 
can  hardly  be  used  to  estimate  the  percentage  purification  effected 
bj  a  plant.  Their  use  for  this  purpose  dates  back  to  a  time  when 
no  brtt^  metliods  were  available. 

Tlie  oxygen-consumed  test  furnishes  information  as  to  the  amoimt 
of  carbonaceous  material  present  but  does  not  include  a  considerable 
portion  of  the  nitrogenous  impurity,  the  ammonia  nitrogen.  If 
woAed  together,  the  various  nitrogen  determinations  and  the 
Qxygen-consumed  test  can  be  made  to  give  a  fair  idea  of  the  degree 
of  purification  effected,  but  only  with  a  considerable  expenditure  of 
time  and  effort  which  does  not  seem  justified  in  view  of  the  som&- 
timeB  misleading  results  obtained. 

Hie  above  discussion  applies  without  much  qualification  to  plants 
where  chemists  are  employed.  At  some  plants  where  chemists  can 
not  be  employed  the  readily  performed  relative  stability  and  settle- 
iUe  solids  determinations  are  the  safest  and  best  fitted  for  the 
purpose  of  supplying  the  plant  foreman  with  some  information  as  to 
the  strength  of  a  raw  sewage  and  the  quality  of  an  effluent. 


CHAPTER  IV 

SUMMARY  OF  ENGINEERING  DATA  AND  CHEMICAL  ANALTSEdt  _; 

OBTAINED  AT  THE  PLANTS  SURVEYED  I. 

I.  Alliance^  Ohio 

The  engineering  survey  of  the  sewage-treatment  plant  at 
Ohio,  covered  the  period  May  26  to  June  6,  inclusive.     The  lal 
work  was  started  with  the  sample  of  Jime  1st  and  continued 
the  sample  of  the  14  th. 

Alliance  is  a  thriving  industrial  city  located  in  the  northeastern  piL 
of  Ohio  on  the  main  line  of  the  Pennsylvania  Railroad,  and  in  19|> 
had  a  population  of  21,603.  The  industries  are  largely  those  devotl| 
to  the  manufacture  of  mfiw^hinery  and  heavy  iron  goods.  " 

The  sewerage  system  is  built  on  the  separate  plan,  but  it  is  admit( 
that  some  down  spouts   are  connected.     The  total  contribul 
population  is  estimated  at  20,000.     The  system  as  a  whole  is  divic 
into  two  parts,  the  high-level  system,  serving  about  95  per  cent  of 
contributing  population  and  feeding  to  the  treatment  ^lant  by  gravil 
and  the  low-level  system,  serving  the  remaining  6  per  cent  of 
population  and  feeding  to  the  site  of  an  old  sewage-treatment  pit— y». 
where  the  sewage,  after  passing  through  septic  tanks,  flows  to  pi 
at  the  main  treatment  plant,  which  lift  it  to  the  influent  ch< 
receiving  the  sewage  from  the  high-level  system. 

The  septic  tanks  at  the  old  treatment  plant  probably  affect  tb9 
operation  of  the  main  plant  little  if  any.  They  are  not  consideredi 
therefore,  as  part  of  the  treatment  but  as  part  of  the  sewerage 
system,  serving  as  a  protection  to  the  pumps.  There  are  three  tanks 
each  80  by  40  by  6  feet  deep,  connected  in  series.  The  inlets  and 
outlets  are  all  on  the  same  end,  and,  as  there  are  no  baffles,  the 
sewage  probably  does  not  travel  more  than  15  to  20  feet  of  the  80-foot 
length.  The  tanks  were  last  cleaned  about  five  years  ago.  The 
effluent  varies  greatly,  being  at  times  very  good  and  at  other  times 
black  and  highly  septic. 

Infiltration  and  leakage  is  claimed  by  local  officials  to  be  very 
high.  Reference  was  made  to  a  figure  of  185,000  gallons  per  mile 
per  day  given  by  Metcalf  and  Eddy.*  An  investigation  by  the  Ohio 
State  Board  of  Health  *  brought  out  the  fact  that  the  sewage  flow 
was  at  a  rate  of  246  gallons  per  capita  per  day.  The  excess  above 
normal  was  attributed  to  leakage  and  excessive  use  of  water  in  flush 
tanks. 

1  American  Sewerage  Practice,  vol.  1,  p.  180,  table  65. 

>  Report  on  an  Investigation  of  Water  and  Sewage  Purification  Plants  in  Ohio.    Ohio  State  Board  ot 
Health,  IMSi 
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floating  and  suspended  solids  conskting  of  paper,  matches, 
Tn  ftf >^T»^ jJ|«fe  |y|gi  v^etable  skins,  etc.     Th^e  are  no  indicatici 
any  indMuttf^listes,  confirming  the  claim  that  no  waste-prodl 
industries  oth^r  &an  laundries  contribute  more  than  sanitary  w/i 

The  average  flow  for  the  year  preceding  this  survey  wa*l 
m.  g.  d.,  and  the  monthly  averages  vary  little  from  this  iSgare.  } 
maximum  24-hour  flow  for  this  period  was  4.5  m.  g.  For  ^ 
periods  during  a  day  rates  run  as  low  as  1.5  and  as  high  as  7.0 

The  following  table  contains  the  flow  data  for  the  year  May, 
to  April,  1920: 

Tablb  No.  18. — Volume  of  sewage  treated  at  AlUanee,  Ohio,  for  period  ii 

[Figures  in  mflUon  gaUons  per  day] 


1910 


May 

June 

July 

August 

September 
October... 


Average 

Mazlmnm 

Minimum 

2.08 

3.80 

1.96 

2L61 

3.09 

1.60 

2L47 

3.00 

1.98 

160 

3.43 

L98 

2.47 

3.17 

2.14 

2.85 

3.87 

1.08 

1910-20 


November. 
December... 

January 

February.. 

March 

April 


Average 

Maximum 

2.83 

141 

2.00 

4.50 

133 

176 

140 

180 

150 

142 

158 

165 

Sewage  treatment  was  first  started  in  1893  with  a  chemical  pi 
tation  plant  and  sludge  presses.     This  plant  was  abandoned, 
for  the  septic  tanks  which  have  already  been  described  in  the] 
cussion  of  the  low-level  sewerage  syst^U;  and  was  superseded  in 
by  a  plant,  designed  by  Messrs.  Bradbury  and  Shute,  coi 
grit  chambers,  bar  screens,  sedimentation  tanks,  contact  beds, 
mittent  filters,  and  sludge  beds.     This  plant  is  still  operating, 
modified,  and,  in  some  respects,  enlarged  in  accordance  with 
prepared  by  Mr.  R.  W.  Pratt  in  1915.  i 

As  it  now  stands  the  original  grit  chambers  act  merely  as  infli| 
channels,  one  chamber  for  the  high-level  sewage  and  another  for^ 
low-level,  which  latter  is  pumped  by  a  small  automatic  pun^ 
station  located  on  the  groimds  of  the  treatment  plant.  1^^  1 
sewages  are  combined  at  the  outlet  of  the  old  grit  chambers  and  ll 
over  a  measuring  weir  to  the  bar  screen.  This  screen  is  hand  ra|^-- 
during  the  day  as  needed  and  left  clean  when  the  laborers  leavd 
night.  There  is  no  night  operator.  The  screenings  are  r«nove<9 
a  wheelbarrow  to  a  dimip  on  the  plant  grounds.  About  4  to  6  cdl 
feet  of  screenings  per  day  or  roughly  2  cubic  feet  per  million  gaU^ 
are  retained  by  the  bar  screen. 

The  screened  sewage  is  distributed  to  one  or  both  of  two  pU 
sedimentation  tanks  and  to  two  Imhoff  tanks,  each  of  the  lalj 
having  four  flow  chambers.     The  plain  sedimentation  tanks  aro  l| 
on  a  nine-day  schedule.    A  tank  is  put  into  operation  on  M<m<|^ 
morning  and  run  till  a  week  from  the  following  Wednesday,  wheal 
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m  shut  down,  drained,  and  cleaned.  In  this  way  the  two  tanks  are 
alternated,  but  on  Mondays  and  Tuesdays  of  each  week  they  are 
both  operated.  When  a  tank  is  taken  out  of  service,  the  supernatant 
sewage  is  drained  to  a  fine  grain  cinder  filter  reserved  for  this  purpose 
and  the  sludge  is  then  pumped  by  an  ejector  to  the  sludge  chamber 
of  an  Imhoff  tank  for  digestion.  The  total  flow  of  sewage  is  divided 
roQ^y  half-and-half  between  the  plain  sedimentation  tanks  and 
the  Imhoff  tanks. 

The  two  Imhoff  tanks  are  operated  continuously.  These  tanks 
were  constructed  within  an  old  sedimentation  tank  identical  in  design 
ind  construction  with  the  two  already  mentioned.  The  bottom  was 
taken  out,  hoppers  built,  and  the  Imhoff  baffles  placed,  the  longitudi- 
nal axis  of  the  sedimentation  tank  being  made  the  transverse  axis  of 
the  Imhoff  tank.  The  length  of  the  sedimentation  tank  provided 
sufficient  width  for  eight  Imhoff  flow  chann^,  but  as  the  digestion 
space  is  divided  into  only  two  sections,  the  tanks  have  been  con- 
sidered as  two  tanks  with  four  flow  channels  each.  The  inlet  and 
outlet  diannels  are  arranged  to  permit  reversing  the  direction  of 
flow. 

In  the  operation  of  the  Imhoff  tanks,  considerable  difficulty  has 
heea  experienced  with  the  formation  of  scum  in  the  flow  channels. 
This  appeared  from  the  inspection  to  be  due  to  one  of  or  a  combina- 
tion of  three  causes :  First,  insufficient  or  too  infrequent  squeegeeing  of 
the  sloping  bottoms  of  the  flow  channel;  second,  inadequate  removal 
of  sludge,  which  resulted  in  the  sludge  level  rising  above  the  bottom 
slot  of  the  flow  channel;  and,  third,  agitation  and  pressure  production 
in  the  digestion  chamber  by  pumping  sludge  from  the  sedimentation 
tanks  to  the  Imhoff  tanks.  The  discharge  line  from  the  ejector 
semng  the  sedimentation  tanks  enters  the  Imhoff  tanks  from  the 
top  through  the  gas  vents,  but  extends  down  into  the  tank  about 
six  feet.  The  entering  sludge  is,  therefore,  pumped  into  the  Imhoff 
tanks  with  consideraUe  downward  velocity  toward  the  sludge  already 
in  the  digestion  chamber.  This  stirs  up  the  sludge  and  forces  it  back 
through  the  slots  into  the  flow  channel. 

The  sludge  from  the  Imhoff  tanks  is  run  to  an  ejector  which  pumps 
it  to  ^ass-covered  beds.  There  is  available  also  some  imcovered 
drying  area  but  this  is  used  very  Uttle.  The  operators  appeared  well 
satisfied  with  the  glass-covered  beds,  stating  that  they  were  more 
independent  of  weatlier  conditions  than  the  open  beds.  However, 
the  drying  period  was  admittedly  affected  to  some  extent  by  seasons 
ftnd  weather.  It  averages  from  8  to  14  days.  Sludge  is  not  measured 
in  the  tank  or  when  run  on  the  bed,  but  only  when  removed  from  the 
beds.  As  no  determination  is  made  of  the  moisture  content,  only  a 
rou^  estimate  of  sludge  production  is  possible. 
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The  effluents  from  both  the  sedimentatioii  tanks  and  the  ImhofF 
tanks  are  combined  and  applied  to  12  contact  beds  of  ^  acre  each. 
These  beds  are  arranged  in  three  imits  of  four  each  and  dosed  by 
automatic  air  controlled  siphons,  which  rotate  the  doses  on  the  four 
beds  ci  each  unit.  The  effluent  from  these  beds  during  the  late  fall, 
winter,  and  early  spring  is  discharged  directly  into  the  Mahoning 
River.  During  the  warm  months,  however,  it  is  again  treated  on 
three  intermittent  fflters  of  one  acre  each. 

Overflows  and  by-passes  are  available  at  various  points  to  protect 
against  flooding  of  the  plant  grounds  or  to  cut  out  entirely  the  whole 
plant  or  any  single  device. 

Bather  inadequate  laboratory  facilities  are  provided  in  the  labora- 
tory of  the  water-filtration  plant,  about  a  half  mile  from  the  sewage 
plant.  The  room  used  for  this  purpose  is  small,  making  it  very 
difficult  to  carry  on  the  work  of  two  departments  by  two  different 
men.  This  condition  has  now  (1921)  been  improved  by  placing  the 
water-ffltration  and  sewage-treatment  plants  imder  one  chemist. 

The  personnel  consists  of  the  chemist,  dividing  his  time  betwetfi 
the  water  and  sewage  plants,  and  a  superintendent  with  one  assistant 
For  special  work,  such  as  weeding,  filter  beds,  cutting  grass,  etc., 
additional  labor  is  provided.  With  the  labor  available,  very  Utile 
time  can  be  devoted  to  the  upkeep  of  the  grounds. 

The  results  of  the  chemical  analyses  made  at  this  plant  are  con* 
tained  in  the  following  table : 

Table  No.  19. — Results  of  chemical  analyses  at  the  AUiance,  Ohio,  sev>age4rea^ 

tnent  plant 

[Resdlts  in  parts  par  tnUliom  «xcei»t  as  noted] 
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CO 
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2!! 


June    2 

3 

4 

6 

6 
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9 
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11 
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14 

16 
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Snspended 
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130 
472 
104 
96 
104 
160 
160 
114 
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116 
128 
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74 
114 
66 
66 
65 
70 
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28 
18 
18 
21 
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28 
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1  Tr.  means  less  than  0.1  o.  c. 
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Tablb  No.  19. — RettiUa  of  chemical  analyses  ai  the  Alliance,  OhiOf  sewage-ireai^ 

ment  plant — Continued 
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Mpcretot. 

The  efficiency  of  the  various  treatment  devices  is  made  a  separate 
section  of  this  report,  as  is  also  a  detailed  discussion  of  the  interpreta- 
tion and  value  of  different  determinations.  Only  a  few  general 
remarks,  based  on  the  analyses  in  the  above  table,  will,  therefore, 
be  made  at  this  point. 

7^  presence  of  dissolved  oxygen  in  the  raw  sewage  on  all  days 
except  one  confirms  a  statement  previously  made  that  the  sewage  is 
received  at  the  plant  in  a  fresh  condition.  This  is  further  evidenced 
by  the  extent  to  which  the  settleable  solids  are  removed  in  the  tank, 
indicating  that  there  is  very  little  breaking  up  of  these  solids  in  the 
travel  in  the  sewers  to  the  plant.  Besides  being  fresh,  the  sewage 
is  rather  weaker  than  the  average.  This  is  best  shown  by  the  5-day 
oxygen  demand  results,  which  average  only  92  parts  per  million  with 
a  maximum  of  144. 

The  final  intermittent  filters  were  operated  only  the  last  two  days 
of  the  studies.  These,  as  already  stated,  were  by-passed  except 
doring  the  warm  summer  months.  The  effluent  from  the  contact 
beds  IS  low  in  suspended  solids,  having  an  average  of  17  parts  per 
QuIIion,  with  a  maximum  of  28.  The  oxj^en  demand,  both  one  and 
five  days,  taken  with  the  high  stability  as  shown  by  the  methylene 
bhie  tesi,  and  the  continued  presence  of  nitrates,  indicates  an  effluent 
^tiafactory  for  the  dilution  requirements  of  the  receiving  body  of 
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to  the  IntreQchment  Creek  plant.    4.  A  14-foot  mteccq>tor  aboot 
23^  miles  long,  running  northeast  to  the  Proctor  Creek  plant. 

Each  interceptor  discharges  into  a  natural  watercourse,  where  the 
dry  weather  flow  drops  throng  a  bar  screen  at  the  end  of  the  inter- 
cepted to  a  4^oot  outfall  sewer,  which  carries  the  sewage  to  the 
treatment  plant.  The  two  4-foot  outfalls  to  the  Peachtree  Creek 
plant  join  into  one  4-foot  sewer  before  reaching  the  plant,  lliese 
sewers  are  large  Plough  to  carry  the  ncHinal  dry  weather  flow,  but 
at  times  of  storms  only  a  relatiyely  small  portion  of  Uie  discharge 
frcxn  the  interceptors  can  be  carried  in  them.  The  excess  passes 
OY^  the  scre^i  to  the  natural  watercourses. 

As  a  rule,  after  every  heavy  rain  the  screens  are  raked  and  the 
screenings,  mostly  brush,  sticks,  etc.,  left  below  the  screens  to  be 
washed  downstream  by  the  next  heavy  storm. 

Inffltration  was  stated  to  be  appreciable  in  both  tjrpes  of  sewers. 
It  is  probably  sufficient  to  have  some  material  effect  upon  the  opera- 
tion of  the  treatment  plants.  The  normal  dry  weather  flow  averages 
around  160  gallons  per  capita  per  day,  with  a  water  consumption 
around  115  gallons.  Infiltration  is  therefore  a  factor,  even  during 
dry  weather. 

The  sewage  from  a  small  district  served  by  sanitary  sewins  is 
pnmped  into  the  int^t^eptor.  This  pumping  station  was  built  to 
operate  automatically.  The  equipment  consists  of  two  Worthington 
vertical  centrifugal  pumps  with  4-incfa  suctions  and  S-^nch  discharge, 
rated  at  300  gallons  per  minute,  shaft  connected  to  two  10-horse- 
power  General  Electric  Co.  motors.  These  operate  intermittently, 
controlled  by  floats  in  the  suction  well.  The  static  head  of  discharge 
is  40>^  feet.  This  plant  is  not  operated  a  considerable  portion  of  the 
time,  the  sewage  by*passing  to  a  neai^by  stream. 

Grades  throu^out  the  system  are  adequate.  Those  on  trunk 
sewers  vary  from  0.3  to  1.0  per  cent  and  on  laterals  from  I  to  12  per 
cent.  Sewer  flushing  is  carried  on  regularly.  All  sewers  have  flush- 
ing manholes  with  2-inch  water  connections  direct  fn»n  the  city  mains. 
These  manholes  are  so  arranged  that  the  outlet  can  be  closed  while 
the  manhole  is  filled  with  water,  which  is  released  into  the  sewer 
through  an  8-inch  valve.  In  addition  to  this  artifical  flushing  the 
majority  of  the  sewers  receive  a  thorough  cleaning  flush  at  times  of 
heavy  storms. 

No  detailed  information  of  the  lengths  of  the  various  skes  of  sewen 
was  available.  The  total  mileage  on  January  1,  1920,  was  333.6,  of 
'v^ch  about  208  miles  is  of  the  combined  type  and  125  of  the  separate 
type. 

As  the  sewerage  system  of  Atlanta  is  about  62  per  cent  combined 
and  38  per  cent  separate,  the  raw  sewage  is  more  nearly  typical  of 
combined  than  of  separate  sewage. 
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That  receiyed  at  both  of  th«  jrfants  surveyed  is  typical  of  eombijied 
sewage,  with  its  domestic  sewage  character  during  dry  weather  and 
its  storm  sewage  character  during  wet  weather.  The  rains  in  Atlanta 
are  likely  to  be  veiy  intense  and  the  run-off  is  rapid,  so  that  the 
thange  in  character  of  the  sewage  is  extremely  marked  and  sudden. 

Industrial  wastes  are  not  considered  to  have  much  if  any  effect 
upon  the  operation  of  the  treatment  plants  studied.  With  the 
exception  of  a  small  amount  from  a  steel  plant,  practically  no  wastes 
ire  discharged  into  the  sewers  tributary  to  the  Peachtree  Creek  plant. 
The  Intrenchment  Creek  plant  at  times  receives  an  alkali  cotton 
scouring  waste  in  sufficient  quantity  to  give  the  sewage  a  distinct 
reddish  color,  but  it  is  not  believed  by  Mr.  C.  C.  Hommon,  supervising 
chemist^  that  treatment  processes  are  noticeably  affected  by  it. 

Ihe  sewage  is  received  at  both  plants  in  a  fresh  condition,  con- 
taining, as  a  rule,  at  the  Peachtree  plant  a  trace  of  dissolved  oxygen. 
Hie  color,  except  as  noted  above,  is  the  typical  whitish  gray  during 
diy  weather  and  muddy  brown  at  times  of  storms. 

Floating  material  and  solids  caught  on  the  screens  are  also  normal, 
consisting  of  matches,  fecal  matter,  sticks,  leaves,  rags,  dead  ani- 
mals, etc. 

The  vidiime  of  sewage  received  at  the  two  plants  surveyed  was  not 
definitely  known.  During  the  war,  1917  to  1920,  comparatively 
EtUe  attention  or  supervision  was  given  to  the  plants,  and  the  flow- 
measuring  devices  had  been  inoperative  for  an  extended  period 
previous  to  the  survey.  It  was  estimated,  however,  that  the  dry- 
weather  flow  to  the  Intrenchment  Creek  plant  varied  from  2}4  to  6 
m.  g.  d.,  averaging  5  m.  g.  d.,  and  that  to  the  Peachtree  Creek  plant 
vaiied  from  8  to  16  m.  g.  d.,  averaging  12  m.  g.  d. 

Previous  to  1912  natural  watercourses  were  used  for  the  disposal 
•f  untreated  aewage,  reeulting  in  an  intolerable  condition  of  pollution 
and  nuisances.  During  that  year  the  first  treatment  plant  serving 
Ihe  west  and  northwest  part  of  the  city  was  installed.  This  was 
followed  in  1913  and  1914  by  the  installation  of  two  more  plants  for 
the  major  portion  of  the  city.  All  plants  were  designed  by  Messrs. 
Bering  &  FuUer,  and  are,  with  the  exception  of  size  and  a  few  minor 
detaib,  identical. 

There  have  been  no  important  modifications  made  since  the  plants 
were  constructed.  They  are  operating  now  as  when  first  put  in 
service,  with  the  exception  that  the  use  of  certain  devices  has  been 
discontinued  as  unnecessary. 

The  ^kfoot  outfall  sewers  discharge  into  receiving  chambers  at  the 
plants  and  then  through  coarse  bar  screens  into  one  of  the  grit  cham- 
bers. From  the  grit  chambers  the  sewage  flows  to  the  Imhoff  tanks, 
80  at  the  Peachtree  Creek  plant  and  21  at  the  Intrenchment  Creek 
plant.     These  are  arranged  in  units,  each  having  three  tanks,  operat- 
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iMriee.    They  are  of  the  circular  type  with  rectangular  flow 

In  extending  over  the  three  separate  tanks  each  with  its  own 

•chamber.     Crossovers  permit  reversing  the  direction  of  flow 

fjUujks.    fVom  the  tanks  the  sewage  is  applied  by  siphons  to 

filters,  of  which  the  Peachtree  Creek  plant  has  2H  acres  and 

ichment  Creek  plant  2  acres.    The  effluents  of  the  trickling 

^^p^  J  direct  to  the  receiving  streams. 

erflowB  and  by-passes  provided  at  various  points,  any  one  or 

can  be  by-passed,  and  during  heavy  storms  all  sewage  is 

without  any  treatment  direct  to  the  streams.    At  the 

Creek  plant  some  of  the  effluent  from  the  tanks  is  by- 

^und  the  filters  as  a  matter  of  routine,  as  the  filter  installa- 

^nly  approximately  one-half  the  capacity  of  the  tanks. 

ly  built,  roughing  fflters  were  provided  between  the 
id  filten  to  remove  solids  likely 'to  clog  the  filter  nozzles, 
short  period  of  operation,  however,  their  tise  was  discontin- 
superfluous. 
sludge  bed  areas  are  provided  at  both  plants.    At  the  In- 
tent Creek  plant  these  are  adequate  to  take  care  of  the  sludge 
though  some  is  occasionally  run  on  fields  and  low-lying 
[jacent  to  the  plant.    But  at  the  Peachtree  Creek  plant  the 
sludge-drying  area  is  only  about  one-third  that  needed, 
plant  a  great  deal  of  the  sludge  is  run  into  low-lying  areas 
it  to  the  plant  or  is  lagooned  and  held  till  times  of  very  heavy 
I,  when  it  can  be  safely  dischaiged  into  the  swift-flowing  and 
stream  without  creating  any  nuisances, 
oratory  facilities  are  provided  at  the  Peachtree  Creek  plant, 
j^  analytical  work  for  all  the  plants  is  conducted.    It  is  adequate 
mze  and  well  equipped. 

An  interesting  feature  of  the  Peachtree  Creek  plant  is  the  use  of 

te  gases  from  sludge  digestion  in  the  Imhoff  tanks  for  lighting  and 

eating.    Several  gas  vents  are  capped  with  metal  drums  which  are 

Dnnected  to  a  standard  gas-storage  tank.    The  gas  is  used  for  light- 

og  the  grounds,  in  the  laboratory,  and  for  heating  and  cooking  in 

he  house  of  the  supervising  chemist,  which  is  located  at  this  plant. 

Operation  of  all  treatment  plants  is  directed  by  an  exceptionally 

apable  supervising  chemist.    Under  him  at  the  Peachtree  Creek 

)lant  are  three  day  laborers  and  a  night  watchman  and  at  the  In- 

renchm^it  Creek  plant  a  foreman,  two  day  laborers,  and  a  night 

ratchman. 

Few  plants  present  a  more  attractive  appearance  than  those  at 
Ltlanta.  While  it  was  evident  that  the  grounds  had  been  somewhat 
eglected  during  the  war  period,  when  the  supervising  chemist  was 
way,  they  showed  the  care  and  attention  which  had  formerly  been 
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Daring  the  days  covered  by  these  analyses,  there  were  heavy  rams 
on  the  2dy  3d,  6t^,  and  8th;  traces  on  the  5th  and  10th;  but  no  ram 
during  the  remaining  days  of  the  tests.  On  four  days,  the  4th,  9th, 
12th,  and  13th,  all  sewage  was  by-passed  to  the  creek.  The  analyses 
on  the  days  the  plant  was  operated  indicated  a  weak  sewage,  probably 
dtie  to  dilution  of  storm  and  ground  water.  The  suspended  solids  of 
the  raw  sewage  are  only  slightly  above  100  parts  per  milUon,  and  the 
5-day  oi^g^i  demand  only  67.  The  1915  records  at  the  plant,  how- 
«ver,  show  an  average  suspended  solids  content  of  140,  which  indi- 
cates that  the  sewage  is  normally  stronger  than  indicated  by  the 
results  tabulated. 

The  analyses  in  the  above  table  show  a  very  highly  purified  plant 
effluent  with  a  5-Kiay  oxygen  demand  of  4.3,  a  dissolved  oxygen  con- 
test of  5.6  parts  per  nuUion,  and  a  uniform  retention  of  methylene 
blue  color. 

Hie  results  obtained  at  this  plant  as  well  as  those  at  the  Peachtree 
Creek  pLsLUt  are  not  considered  as  representative  of  normal  dry 
weather  conditions  as  those  obtained  from  the  other  plants  visited. 

The  results  of  the  chemical  analyses  made  at  the  Peachtree  Creek 
plant  are  contained  in  the  following  table: 


Tails  No.  22. — ResuUs  of  chemical  analyses  at  the  AHafUa-Peachiree  sewage- 

treaiment  plant 

[Bflsalti  in  parts  per  million,  except  as  noted] 
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No.  23. — Co9t  of  earuinieUon  of  the  ItUrenchmerU  Creek  and  the  Peachtree 
Creek  eewage-treatmeni  plants  at  Atlanta,  Ga. 


Item 

Intrencbment  Creek 

Peachtree  Creek 

Colt 

Remarks 

Cost 

Remarks 

r«M>fla>^pliitiirl 

1014 

1013. 

lAOd.. 

$10,580 
2,500 

31,900 
&000 

^784 
0,000 

$24,475 

2,750 

30,200 

5,000 

83.838 

0,500 

2,000 

17.500 

35.300 

50,7^ 

Orit  chain  twnt 

21  tanks  rated  6  m.  g.  d .- . 

30  tanks  rated  10  m.  g.  d. 

Tri<»lrlinf  fllteni 

2acre8 

2HBcree. 

lAboraAory 

R<IMlk{M  fl)tMn 

12,000 
29,200 
27.700 

Not  operated . 

Not  opoated. 

**mfii^fiTitg 

OUMrltMnf 

TsUl 

221,073 

270,300 

Very  little  data  on  maintenance  costs  were  available.  In  fact  the 
only  d^nite  figure  obtainable  was  that  of  $10,019.66  for  supervision 
and  labiur  for  all  three  plants  for  1919.  During  this  year  the  supervis- 
ing chemist  was  serving  in  the  Aimy,  and  had  returned  only  a  week 
pnevious  to  the  oigineering  survey,  so  that  the  above  figure  does  not 
represent  normal  conditions.  At  the  time  of  the  survey,  the  salary 
of  Hie  supervising  chemist  had  not  been  fixed,  labor  was  receiving 
$75  to  S80  per  month,  night  watchman  $77.50,  and  the  foreman  at 
the  Intrenchment  Creek  plant  $75,  plus  a  house. 

m.  Baltimobe,  Md. 

The  engineering  survey  of  the  sewage-treatment  plant  at  Baltimore, 
Md.  f  was  made  July  19  to  27,  1920.  The  laboratory  work  followed  a 
little  over  a  month  later,  August  24  to  September  4. 

Baltimore  is  a  city  of  734,000  population  (1920  census)  situated  at 
the  head  of  COiesapeake  Bay.  It  is  an  important  railroad  center, 
and  one  of  the  large  ports  for  foreign  trade  on  the  Atlantic  coast. 
In  addition,  there  are  located  within  and  adjacent  to  the  city  many 
large  industrial  plants  of  varied  types. 

Previous  to  1912  most  of  the  sewage  was  collected  in  cesspools, 
which  w^e  periodically  cleaned  out.  All  drainage  from  houses 
except  toilet  waters  was  carried,  for  the  most  part,  in  open  gutters, 
to  near-by  drains,  which  emptied  into  the  harbor,  and  small  open 
streams  flowing  through  the  city.  This  practice  created  an  intolerable 
Qiiisance  in  the  harbor. 

The  present  sewerage  system,  built  since  1906,  is  of  the  separate 
type.  It  is  divided  into  two  sections,  the  high  level  and  the  low  level. 
The  high-level  sewage  is  collected  in  an  interceptor,  which  discharges 
into  a  gravity  outfall  sewer  to  the  treatment  plant.  The  low4evel 
sewage  flows  in  two  interceptors  to  a  pumping  station,  where  it  is 
lifted  to  the  outfall  sewer  carrying  the  high-level  sewage.    Eadx  of 


BBWAOE  TEEATMENT  IN   THE  UNnVD  STATES 

9e  sections  of  the  s^Btdm  contributes  about  oae-hHlf  of  th 
ume  of  sewage. 

The  pumping  station  is  located  near  tbe  heart  of  the  dowi 
iiness  section.  Sewage  before  entering  the  pumps  is  first 
ough  hoisting-cage  screens  and  then  through  one  stationa 
sen.  There  are  four  cage  screens,  which  are  placed  so  tb 
rage  has  to  pass  through  at  least  two  of  them.  It  is  p 
three  27H  ^^-  S-  ^-i  Bethlehem  steel  vertical,  tiiple-exp 
Qger,  crank,  and  flywheel  pum[>B.  A  peculiar  feature 
ign  of  this  station  is  the  total  omission  of  any  overflows 
isee.  A  relatively  short  shutdown  of  the  pumps  would  re 
Batrous  flooding  of  the  surrounding  business  section  with  s 
e  average  pumpage  is  27  to  30  m.  g.  d.,  except  on  Sunday: 
Irops  to  about  24  m.  g.  d. 

/Pbile  the  effects  of  storms  are  felt  at  the  treatment  plai 
Itration  through  leaky  sewers  and  manhole  covers  is  verj 
te.  Sewage  flows  at  the  plant  also  give  no  indication  of  ex< 
Itration.  The  absolute  maximum  rate  of  flow  for  the  yea 
i  less  than  twice  the  averse  daily  flow  for  the  entire  year, 
trades  of  all  sewets  are  computed  to  ^ve  a  minimmn  v 
3  feet  per  second,  lateral  sewers  under  18  inches  aventgin 
I  per  cent. 

^r  cleaning  and  fiushiog  it  was  formerly  the  practice  to  m: 
minal  manholes  within  150  feet  of  a  water  main  into  fl 
nholes.  These  have  a  IJ^-inch  connection  to  the  water 
ough  which  the  manhole  is  filled,  and  the  water  is  then  n 
ough  a  valve  into  the  sewer.  The  terminal  manholes  tl 
V  being  built  are  not  being  provided  with  flushing  coone 
ne  other  manholes,  besides  the  terminal  ones,  also  have 
inections,  and,  in  addition,  there  are  three  flush  tanks  i 
tern. 

:t  was  not  possible  to  secure  the  mileage  for  the  vaxicms  a 
litary  sewers,  but  the  total  to  January  1,  1920,  was  606.7 
s  or  minus  1  to  2  per  cent.  The  total  nmnber  of  connecti 
I  sewers,  as  of  the  same  date,  was  101,000.  This  figure 
mds  to  an  estimated  omnected  population  of  520,000,  givi 
sons  per  connection. 

rhe  raw  sewage  received  at  the  treatment  plant  is  typical 
stic,  generally  stale  but  occasionally  containing  a  trace  of  dif 
^en.  The  observed  color  was  a  whitish  gray,  and  the  fl 
terial  and  other  suspended  sohds  consisted  of  the  usual  ma' 
ces  of  soap  and  fecal  matter,  sticks,  paper,  fruit  and  vcf 
08,  etc. 
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into  consideration.    In  1912  the  flow  averaged  only  12 1 
in  1910  it  was  55  m.  g.  d. 

IV.  Canton,  Ohio  , 

The  Migineering  Btirvey  of  the  sewage-treatment  plan 
Ohio,  was  made  Jane  6  to  9,  1920.  The  laboratory  eta 
shortly  afterwards,  June  23  to  July  2. 

Canton  is  a  city  of  87,091  population  (1920  census),  I 
DOrthweetem  part  of  Ohio,  on  the  mun  line  of  the  Psnn^ 
road.  It  is  an  important  industrial  center  with  a  variet 
types  of  maoufacturing  plants,  those  making  iron  and  si 
however,  predominating. 

The  sewerage  system  is  of  the  separate  type.  It  waa  a 
roof  drains  are  connected  to  the  sanitary  sewers,  and  t 
storm  or  ground  water  reaching  them  is  from  leak^e  oi 
This  is  well  below  the  average  over  the  country,  as  the 
been  laid  with  special  care  and  lai^gely  in  dry  trenches, 
industrial  wastes  are  for  the  most  part  excluded,  esp 
which  might  affect  treatment  processes.  Occasionally,  h 
amounts  of  oil  wastes  from  unknown  sources  are  receivi 
seriously  interfere  with  proper  operation  of  the  plant. 

The  grades  are,  for  the  most  part,  sufficient  to  provu 
ing  velocities.  Those  for  laterals  average  0.5  to  0.6  pa 
for  the  suhtrunk  sewers  run  as  low  as  0.2,  and  that  for  t 
the  treatment  plant  is  0.1  per  cent. 

Cleaning  and  flushing  is  done  by  flush  tanks  or  by  1 
combination  of  direct  water  connection  and  flush 
tanks  are  installed  on  new  sewers,  but,  as  the  flow  of  sew 
sufficient  for  self-oleaning,  the  automatic  feature  of  the  f 
dispensed  with,  and  they  are  turned  on  and  off  as  oocasii 
Hose  flushing  is  comparatively  limited.  There  is  no  regu 
sewers  being  flushed  only  when  they  become  stopped. 

The  total  mile^e  of  all  sewers  is  163,  of  which  abc 
consists  of  4-inch  house  coimections.  Below  are  listed  1 
of  the  various  sizes  of  pipe  included  in  the  system. 
4-iDch,  109,000  linear  feet.  Egg-ebape,  3,300  Una 

6-inch,  189,600  linear  feet.  egg-ehftpe    sewer     tm 

8-inch,  439,100  linear  feet.  vertical  diameter  of  4  I 

d-inch,  fi,600  linear  feet.  horizontal  diameter  of  3 

10-inch,  35,900  linear  feet.  and  invert  radius  of  31  I 

12-incb,  8,600  linear  feet.  (About  90  to  95  per  < 

15>inch,  38,700  linear  feet.  house  connectione.) 

There  are  on  record  15,737  sewer  connections.     Some 
idle  and  a  few  are  storm  connections,  but  there  are  also  a  i 
connections  not  of  record.     The  local  estimate  of  i 
sanitary  cormections  is  15,7(K). 
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At  five  points  on  the  system  overflows  have  been  provided  to  take 
care  of  flows  in  excess  of  the  capacity  of  the  sewers;  one  is  on  an 
8-uidi  line,  two  on  10-inch,  one  on  an  18-inch,  and  one  on  a  20-inch. 
These  operate  probably  once  or  twice  a  week,  but  the  volume  of 
aewage  thus  dischaiged  into  Nimishillen  Creek  is  not  ^own.  In 
addition  to  these  overflows,  there  are  two  by-passes  whereby  all  the 
sewage  can  be  diverted  into  the  creek. 

The  raw  sewage  received  at  the  plant  is  strictly  sanitary,  plus  a 
relatively  small  volimae  of  ground  water  from  infiltration.  That  the 
infiltration  is  low  is  evidenced  by  the  data  in  Table  No.  26  below, 
which  shows  that  the  average  daily  flow  varied  less  than  1  m.  g.  d., 
and  the  maTimum  and  minimum  were  less  than  2  m.  g.  d.  apart. 

There  is  a  three-hour  travel  in  the  trunk  sewer  from  the  city  to 
the  plant.  This,  added  to  the  period  in  city  mains  and  laterals,  is 
sufficient  to  produce  some  septic  action.  The  odor  on  the  days  of 
inspection  was  that  of  slightly  septic  sewage.  The  suspended 
matter  was  well  broken  up  and  more  or  less  water-logged,  so  that 
there  was  but  little  material  floating  on  the  surface. 

The  material  caught  on  the  screens  consisted  of  paper,  matches, 
fruit  and  vegetable  skins,  fecal  matter,  etc.  There  was  no  indication 
of  industrial  wastes,  confirming  the  statement  that  all  such  had  been 
eliminated  from  the  sanitary  sewers. 

When  stUl  and  under  cover  of  the  building  over  the  screen  and 
grit  chambers,  the  color  was  a  bluish  black,  but  in  direct  light  in  the 
flume  to  the  tanks  it  was  a  deep  gray. 

The  following  flow  readings  were  available  for  the  period  of  one 
year  preceding  the  iospection.  The  estimated  extreme  rates  were 
3  and  6)^  m.  g.  d.  for  minimum  and  maximum,  respectively. 

Tablb  No.  26. — Volume  of  9etvage  treated  cU  the  Canton  (Ohio)  aewage-4reatm€ni 

plant 


• 

Bafly  flow  in  minion 

Month,  191»-a0 

gidlaos 

June 

Joly 

Sept 

Oct. 

Nov. 

Dec. 

Jan.1 

Feb.i 

Mar.i 

Apr.i 

4.00 
6.00 
4.23 

4.07 
&06 
4.07 

4.42 
4.72 
4.02 

4.07 
4.56 

3.86 

4.37 
478 
4.04 

4.26 
4.77 
a80 

Tii' 

3.91 

4.41 

Maxlmnm  day  for  month .. . 
M^tom  day  for  month — 

6.06 

4.01 

10  days. 

4.63 

a  76 

14  days. 

480 
407 
11  days 

_ 

'  B^eordinc  Bage  not  working  lecnlarly. 

The  treatment  plant  was  designed  by  Mr.  R.  W.  Pratt,  consulting 
engineer  of  Cleveland,  Ohio,  in  1914,  and  was  put  in  operation  in 
1916,  though  not  complete  in  all  details  by  that  date.  Since  the 
original  contracts  have  been  completed  some  changes  and  improve- 
inents  have  been  made  and  others  are  in  contemplation  for  the  near 
hitare. 
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e  plant  is  located  about  8  miles  in  a  southerly  direction  fn 
r  of  the  city.  The  oatfall  sewer  is  3H  f^t  ^  diameter, 
ete  and  puily  s^ment  block.  At  the  entrance  to  the 
omes  rectangular,  4  feet  wide  and  18  inches  deep. 
B  sewage  enters  a  small  chamber  from  which  it  is  diverte 
f  two  channels  containing  coarse  screens  with  ^  to  1  iad 
ngs.  At  the  outlet  of  the  screen  chamber  there  is  a  reo 
e  to  measure  the  flow  over  the  weirs. 
886  weirs  discharge  into  two  grit  chambers,  a  weir  foi 
ber.  They  are  equipped  with  adjustable  or  false  botto 
s  running  longitudinally. 

e  screen  and  grit  chambers  are  inclosed  in  a  substantial 
ing  vented  by  a  hi^  stack  to  reduce  odors.  Provisic 
>een  made  in  this  building  for  the  installation  of  an  incin 
m  screenings. 

B  grit  chambers  outlet  into  a  long  flume  which  carri< 
;e  to  the  Imhoff  tanks.  Iliere  are  six  of  these  tanks  an 
}  Bets  of  three  each.  la  each  set  the  three  tanks  can  be  op' 
rallel  or  series.  If  operated  in  parallel,  the  direction  o 
ot  be  reversed,  but  when  in  series,  while  the  direction  c 
i  separate  tanks  can  not  be  reversed,  the  order  of  the  tw 
«nks  can  be  changed,  so  that  either  one  can  stand  as  fi 
in  the  series.  Under  normal  operation  the  tanks  are  com 
ies.  The  individual  tanks  are  rectangular  in  shape  and 
e  flow  chamber  type  with  a  central  gas  vent  running  the 
1  of  the  tank. 

9  final  treatment  device  foUowii^  the  Imhoff  tanks  cons 
ct  beds.     Iliese  are  arranged  in  16  units  of  one-half  sere, 

acres  in  all.  The  material  in  the  beds  is  crushed  slag 
1  around  the  distributing  duct.  The  beds  to  be  used  are  se 
e  operator,  the  inlet  to  each  bed  being  controlled  by  a 
ted  valve.  An  alarm  bell  gives  notice  of  the  filling  of  i 
he  inlet  is  then  cltmed  by  hand.  The  contact  and  disc 
Is  are  automatically  controlled  by  siphons.  The  efflu 
irged  to  a  main  collecting  gallery  and  thence  in  a  rectai 

into  NimishiUen  Creek. 

'  sludge  treatment  there  were,  at  the  time  of  inspectio 
illy  prepared  sludge  beds,  each  150  feet  long  by  24  feet 
)rovided  with  narrow  gage  tracks  for  loading  cars  with 

]  filtering  material  consists  of  15  inches  of  sand  laid  over  g 
]pth  of  the  gravel  varying  from  zero  at  the  sides  to  6  inc 
liddle,  down  which  a  6-inch  drain  is  laid  in  a  trough, 
discharges  directly  into  the  creek.  As  originaUy  conati 
ecial  bottom  was  laid.    After  a  period  of  operatdon,  hoi 
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aevenl  beds  have  been  modified  by  the  installation  of  concrete 
bottoms. 

Three  of  the  six  beds  have  glass  covers  of  standard  greenhouse 
construction.  The  purpose  is  to  give  12  months  use  of  the  beds  and 
to  protect  drying  sludge  from  rain. 

The  six  beds,  described  above,  have  not  been  adequate  to  handle 
all  sludge  produced.  A  sludge  well  has,  therefore,  been  installed 
from  which  dudge  is  pimiped  to  low4yifig  areas  or  onto  fields.  In 
addition,  at  the  time  of  the  inspection  more  sludge  beds  were  being 
prepared.  No  special  bottom  or  filtering  material  was  to  be  used,  as 
the  soil  is  a  natural  gravel  and,  it  is  felt,  will  drain  readily.  The 
ccmstruction,  therefore,  is  to  consist  in  removing  tbe  topsoil  and 
leveUng  the  chosen  area.  These  beds  are  54  feet  wide  and  of  a  total 
length  of  about  700  feet,  divided  into  five  beds  125  to  150  feet  long. 

Laboratory  facilities  are  provided  at  the  plant,  one  room  of  a 
general  admmistration  building  being  devoted  to  this  use.  The 
equipment,  however,  is  inadequate  for  properly  carrying  out  this 
phase  of  the  work. 

The  city  engmeer  has  general  supervision  over  the  plant,  the  direct 
operation  being  under  a  superintendent  directed  by  the  city  engineer, 
llie  superintendent  is  interested  in  the  plant,  and  is  giving  excellent 
sQp^'vision.  The  city  engineer  gives  the  treatment  plant  much 
more  personal  attention  than  is  generally  customary  where  there  is  a 
superintendent  on  duty  at  the  plant.  In  addition  to  the  super- 
intendent there  are  four  regular  laborers,  and  others  as  needed.  The 
laboratory  is  under  a  part-time  chemist,  who  spends  three  days  a 
week  at  the  plant.* 

In  general  appearance  the  plant  might  be  termed  a  ''show'' 
plant.  The  grounds  are  well  taken  care  of,  attractively  planted  and 
kept  clean. 

*  Slnoe  the  sunrey  a  foll-tiine  chemist  has  been  employed. 
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The  tanks  removed  63  per  cent  of  the  suspended  solids,  effected  a 
38  p^  cent  reduction  in  the  oxygen  consumed,  and  42  per  cent 
reduction  in  the  oxygen  demand,  but  notwithstanding  this  the  tank 
^uent  was  stronger  than  was  the  raw  sewage  at  several  other 
places. 

In  spite  of  the  strength  of  the  tank  e£Eluent,  the  contact  bed 
effluent  contamed  less  suspended  solids  than  the  average  trickling 
filter  studied.  Though  the  per  cent  removal  of  the  solids  was  not 
AS  great  as  that  accomplished  by  the  contact  beds  at  AUiance,  Ohio, 
the  other  contact  installation  studied,  the  actual  amoimt  of  solids 
retained  in  the  beds  was  exactly  the  same  for  both  places;  that  is, 
52  parts  per  million.  The  oxygen  demand  was  rather  high,  and  the 
nitrification,  as  evidenced  by  the  nitrates,  was  low. 

NinushiUen  Creek,  the  receiving  body  of  water,  has  an  estimated 
minimum  flow  of  20  second-feet.  Any  normal  stream  of  tins  size 
could  easOy  take  the  load  of  the  plant  eflSuent  without  creating  any 
nuisance  or  being  rendered  unsuitable  for  any  except  water-supply 
purposes.  But^Nimishillen  Creek  is  badly  polluted  with  industrial 
wastes  and  some  sewage  before  reaching  the  treatment  plant,  so 
that  physically  the  appearance  of  the  plant  e£Eluent  was  better  than 
that  of  the  water  in  the  creek. 

The  available  cost  data  are  mostly  on  the  basis  of  unit  prices,  so 
that  it  is  almost  impossible  to  separate  the  totals  among  the  varioiis 
devices.  Thus,  though  the  actual  construction  of  the  Imhoff  tanks 
is  a  lump-simi  bid,  the  excavation  is  not  included,  and  the  excavation 
item  includes  also  that  for  the  contact  beds.  The  total  construction 
cost  of  the  original  plant  was  $272,472,  to  which  must  be  added  the 
cost  of  the  land,  $25,107,  which  includes  a  farm  at  $13,782,  piu*chased 
to  avoid  a  damage  suit,  together  with  the  cost  of  buildings  and  other 
permanent  improvements,  amounting  to  $18,621.  This  gives  a  com- 
plete total  of  $316,200  for  the  treatment  plant  alone,  not  including 
the  outfall  sewer  from  the  city  to  the  plant.  On  a  designed  capacity 
of  6  m.  g.  d.,  the  above  figure  is  equivalent  to  $52,700  per  m.  g.  d. 
capacity. 

The  operation  and  maintenance  costs  for  the  year  1919  were 
$10,948,  divided  as  follows: 

Supervision  and  labor. $8,  947 

Tools,  supplies,  incidentals 1,  531 

Hones  and  wagons _ •        470 

It  should  be  noted,  however,  that  these  figures  include  some  work 
done  on  the  city's  farm  at  which  the  plant  is  located,  the  item  of 
horses  and  wagons  being  almost  entirely  chargeable  to  this.  On 
the  other  hand  interest,  depreciation,  and  clerical  services  are  not 
charged  to  the  plant.  Accepting  the  total  as  actually  charged  against 
the  plant,  the  cost  per  million  gallons  treated  was  about  $6.75. 
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V.  CoLuuBus,  Omo 

The  eDgineeriiig  Burvey  of  the  sewage  treatment  plant  at  ( 
Ills,  Ohio,  was  made  July  28  to  August  2,  1920.  The  labo 
tudiee  followed  about  two  months  later,  October  1  to  12. 

Columbus  is  a  prc^resmve  city  of  237,000  population  located 
«ntral  part  of  Ohio  on  the  Scioto  and  Olentangy  Kivers.  It 
Itate  capital,  seat  of  the  State  uniTersity,  and  an  important  n 
Jid  industrial  center,  the  industries  including  starch  work 
aanufacturers,  tanning,  iron  and  steel  mills  and  fabricators, 
ries,  creameries,  and  wool-scouring  plants. 

The  sewers  of  Columbus  are  partly  of  the  combined  and  pa 
he  separate  type.  The  main  sewer^e  district,  comprising 
;0  per  cent  of  the  area  of  the  city,  takes  in  the  territory  east 
djacent  to  the  Olentangy  and  Scioto  Kivers.  This  district  is  8< 
m  the  combined  plan.  The  collecting  sewers  discharge  into  an 
:eptor,  provided  with  orerflows  by  which  most  of  the  storm  : 
>y-passed  direct  to  the  rivetB.  It  discharges  into  the  main  i 
tumping  station. 

The  east-side  sewer  district,  lying  adjacent  to  Alum  Creek, 
m  the  combined  plan.  The  sewage  from  this  section  is  carried 
last  side  pumping  station,  which  lifts  it  into  the  sewer  system 
aain  sewerage  district.  Arrangements  are  made  in  tliis  diatr 
he  oTo^ow  of  excess  storm  flow  or  the  by-passing  of  the  entii 
Qto  Alum  Creek  during  high  water  in  the  creek.  The  force 
rom  the  pumping  station  to  the  interceptor  is  20  inches  in  dii 
jid  8,180  feet  long. 

The  westrfiide  sewerage  district  includes  that  part  of  tiie  tnt; 
if  the  Scioto  Kiver.  This  district  is  sewered  on  the  separate 
ioth  the  storm  and  sanitary  sewers  drain  to  the  main  sewage  ] 
Dg  station.  The  storm  sewer,  however,  discharges  directly  in 
iver  except  when  the  river  is  high,  when  it  is  pumped  to  the 
rhe  sanitary  sewage,  tc^ether  with  tiiat  from  the  main  inter 
Deluding  the  east-side  flow,  is  pumped  to  the  sewage  treatment 
luring  the  wann  months,  which  is  the  only  time  the  sewage  is  ti 
)uring  the  winter  months  all  sewers  discharge  direct  to  the 
xcept,  as  noted  above,  that  from  the  west  side,  which  has 
lumped  to  the  river  when  the  river  is  higher  than  the  outlet 
reetr^ide  sewers. 

Infiltration  is  considered  to  be  about  average,  except  duri 
eesive  rainfall,  when  this  factor  runs  high. 

The  grades  on  the  west-side  sewers  are  for  the  most  part 
lat,  the  laterals  running  0.3  per  cent  and  the  trunk  sewer  abou 
!}onditions  are  better  on  the  east  side.  Here  the  average  gratj 
>.4  to  0.6  with  variation  from  0.3  to  2  and  3  per  cent. 


BIWAGB  TBEATHBNT  IN  THE  UNITED  BTATB8 

Geaning  and  flustung  is  doDe  mostly  by  hose  and  is  practicei 
t  role  only  when  stoppages  or  odor  nuisance  occur.  There  are,  I 
sver,  some  130  to  200  flush  tanks  on  the  system,  but  these  do 
operate  continuously  or  automatically. 

The  1919  annual  report  shows  a  total  of  397  miles  of  sewers.  S 
iiat  time  about  10  to  15  miles  have  been  added,  making  a  total 
Faly,  1920,  of  about  410  miles.  Detailed  data  covering  the  amc 
>f  varions  sizes  were  n6t  avulable. 

The  1920  census  gives  Columbus  a  population  of  237,000.  Of 
t  is  estimated  that  95  per  cent,  or  about  225,000,  are  connecte< 
•he  sewers.  Tliere  is  no  accurate  record  of  the  connections  to 
lewers,  but  the  waterworks  department  records  show  about  41. 
irater  conaectioos  as  of  January  1,  1021,  and  this  probably  is  a 
etimate  of  the  number  of  sewer  connections. 

"Hie  main  sewage  pumping  station  is  located  on  the  weet  sid 
ind  adjacent  to  the  Scioto  River.  The  east-side  intercepting  se< 
Jie  west-side  sanitary  sewer,  and  the  westrside  storm  sewer  all 
charge  at  this  point.  All  the  sewage  to  be  treated  is  pumped  f: 
lere  to  the  treatment  works,  Tlus  includes  all  the  sanitai7  se« 
>f  the  city  and  a  part  of  the  storm  flow,  the  strictly  storm  sev 
rom  the  west  side  discharging  directly  into  the  river. 

In  addition  to  pumping  sewage  to  the  treatment  works  this  sta 
s  also  used,  during  h^h  stages  of  the  river,  to  pump  all  the  draic 
4  the  west  side  to  the  river.  This  is  necessitated  by  the  low  eli 
ion  of  the  west-aide  sewers,  t^e  east^de  interceptor  being  1 
inoo^  to  dischai^  into  the  river  by  gravity  even  at  the  high  sti 
if  the  river. 

The  sewage  entering  this  station  is  first  passed  through  one  of 
and  catchers  or  grit  chambers  each  8  feet  wide  by  90  feet  long,  ^ 
i  depth  vaiyiug  with  the  position  of  the  outlet  gate.  A  derrick  t 
;rab  bucket  ia  provided  for  cleaning. 

From  the  sand  catcher  the  sewage  passes  through  a  4-inch  gri( 
oaree  bar  screen  and  then  through  two  vertical  bar-cage  type  son 
a  series,  the  first  with  I-inch  openings  between  ^-inch  bars,  and 
econd  with  >^-iuch  dear  openings  between  ^-inch  bars.  These 
et  under  the  floor  of  the  pumping  station  and  hoisted  by  an  elec 
aotor  for  cleaoiog. 

The  pumps  and  power  eqiupment  are  as  follows:  Three  De  la 
entrifugal  pumps  of  5, 10,  s^d  15  m.  g.  d.  capacity,  direct  connec 
o  50,  100,  and  150  horsepower,  respectively.  General  Electric  mot 
>ne  Morris  centrifugal  pump  of  15  m.  g.  d.  capacity,  direct  connec 
o  a  150-hoisepower  General  £lectric  motor;  uid  one  Worthing 
entrifugal  pump  with  Weinman  impeller,  direct  connected  to  a 
loraepower  General  Electric  motor.  All  pumps  are  single-sti 
louble-suction,  closed-impeller  type,  and  all  motors  variable  sp 
lip-ring  type. 
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The  static  discharge  head  is  23H  fwit,  and  the  total  for  a 
limping  28  feet.  The  flow  is  measured  by  a  48-inch  int^ 
enturi  meter,  which  is  read  every  two  hours.  TTie  force  m 
le  treatment  plant  is  a  48-iDch  line  6,336  feet  long.  The  n 
le  river  is  a  48-inch  line  330  feet  long. 

The  east  side  sewage-pumping  station  is  located  at  Main  an 
iw  Streets.  This  is  provided  with  one  grit  chamber  giving 
K»>nd  detention  at  a  5-inch  per  second  velocily.  It  is  cleaned 
rice  a  month  by  an  orange-peel  grab  bucket  without  inteir 
I  operation. 

Following  the  grit  chamber  are  two  vertical  bar,  cage-typ( 
Teens  4  feet  1^  inches  high  by  2  feet  \0%  inches  wide,  with  t 
;reena  flaring  upstream  to  a  width  of  4  feet  6  inches.  The  b 
[-inch  square  with  1-inch  clear  openings.     These  screens  are 

I  series  and  operated  simultaneously.  When  cleaning  is  nee 
ley  are  hoisted  to  the  main  floor  from  the  pit  by  a  small 
id  raked  by  hand. 

The  pumping  and  power  equipment  consists  of  two  10-inch 
lan  horizontal,  single-stage,  double-section,  opea-impeller  ( 
;al  pumps,  direct  connected  to  100-horsepower  variable 
reoerat  Electric  motors. 

The  static  head  is  52  feet,  and  the  total  62  to  65  feet  for  a 
ampage.  The  force  main  is  a  20-inch  line  8,180  feet  long 
yw  is  measured  through  a  20-incb  int^ratlng  Venturi  meter 

read  hourly. 

The  sewage  received  at  the  treatment  plant  is  from  both  cor 
id  separate  sewers,  that  from  the  combined  sewers  predomii 

II  of  it  is  pumped  once  and  some  of  it  twice.  In  appearam 
rpical  of  the  two  types  of  sewage.  During  dry  weather,  wh 
3W  is  almost  entirely  sanitary,  it  has  the  common  milky  gra; 
i^  the  normal  suspended  soUds,  paper,  fecal  matter,  m: 
)rk8,  etc.,  and  during  storm  periods  the  color  is  a  dirty  yelloi 

Industrial  wastes  tributary  to  the  sewers  include  those  froi 
ickling  processes,  starch  works,  tanneries,  slaughterhouses, 
ies,  wool  scouring,  and  brewing.  Of  these,  only  that  fro 
arch  works  is  visibly  detectable  at  the  treatment  plant, 
ves,  at  times,  a  milky  white  color  to  the  sewage.  It  is  r 
3ved  by  those  in  chaise  of  the  plant  that  this  waste  or  any 
jhers  are  of  sufGcient  volume  to  materially  affect  the  opera 
ly  of  the  treatment  devices. 

In  1920  the  average  daily  flow  treated  was  21.2  million  | 
his  flow  is  applicable  only  to  a  period  of  196  days  from  R 
'ecomber,  as  the  plant  is  not  operated  during  the  winter  n 

For  the  unsewered  sections  of  the  city,  night  soil  disposal  is  pr 
ee  of  charge,  and,  in  addition,  night  soil  for  a  section  withe 
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laken  care  of  at  the  city  station.    For  iina  latter  aery* 
of  S2  per  load  is  made  for  disposal.     In  1919  a  total 
rssij^!if!V£^^  were  handled.     This  figure  covers  the  entire  year, 
^flt  all  of  it  was  received  at  the  treatment  plant. 

sewag^treatment  plant,  designed  hy  Mr.  J.  H. 
eer  for  Messrs.  Hering  &  Fuller,  was  put  in  operation 
y  minor  changes  have  been  made  from  time  to  time 
rtant  alteration,  that  of  converting  the  septic  tanks 

ks,  was  made  in  1915  and  1916. 
discharged  at  the  plant  from  the  48-inch  force  line 
pumping  station.    As  already  described,  preliminary 
ting  of  sand  catdiers  and  bar  screens,  are  located  at 
stations. 

force  main  the  sewage  enters  the  distributing  conduits 

to  the  22  Imhoff  tanks.     These  are  of  three  different 

structural  requirements  in  rebuilding  theon  out  of  the 

tic  tanks.     The  effluent  from  these  tanks  passes  to  a 

from  which  it  is  applied  to  the  trickling  filters  by  a 

ed  dosing  mechanism.    A  float  indicates  the  height  of 

the  storage  well.    At  a  certain  elevation  in  this  well, 

the  filters  are  opened  by  hand.     Dosing  is  continued 

has  dropped  to  an  established  point,  and  the  gates  are 


Lg  filters  are  in  the  shape  of  equilateral  triangles  laid 

of  a  hexagon  with  the  control  house  at  the  center.    Only 

six  triangular  units  have  been  constructed.     Each  covers 

2}4  acres,  divided  into  two  filters  of  1 J^  acres  each.     The 

system  is  laid  on  the  bottom  with  risers  to  the  nozzles. 

ting  system  consists  of  half  tile  laid  on  sloping  bottoms. 

material  is  1  to  3  inch  stone  laid  to  an  average  depth 


Lent  from  the  trickling  filters  is  carried  in  a  66-inch  circular 
•ectly  to  the  river. 

*e  in  place,  as  part  of  the  original  plant,  two  secondary 
ktion  tanks  which  were  designed  to  receive  the  effluent 
trickling  fflters.     These,  however,  are  now  r^ularly  by- 


tdge-drying  beds  are  adjacent  to  the  Imhoff  tanks;  their 
''ever,  is  only  one-third  to  one-quarter  large  enough.  The 
shovded  into  cars  run  on  tracks  down  the  center  of  each 
ten  filled  the  cars  are  hauled  by  a  gasoline  locomotive  up 

where  they  are  dumped  on  the  slope, 
kte  laboratory  and  office  facihties  are  provided  on  the 
loor  of  the  filter-control  house.    The  supervision  of  the 
under  a  competent  chemist,  with  a  r^ular  personnel  con- 
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eitj  limits  is  taken  care  of  at  the  city  station.  For  this  latter  serv- 
ice a  charge  of  $2  per  load  is  made  for  disposal.  In  1919  a  total 
of  380  loads  were  handled.  This  figore  covers  the  entire  year, 
and  hence,  not  all  of  it  was  received  at  the  treatment  plant. 

Ihe  original  sewag^treatment  plant,  designed  hy  Mr.  J.  H. 
Gregory,  engineer  for  Messrs.  Hering  &  Fuller,  was  put  in  operation 
m  1908.  Many  minor  changes  have  been  made  from  time  to  time 
and  one  important  alteration,  that  of  converting  the  septic  tanks 
into  Imhoff  tanks,  was  made  in  1915  and  1916. 

Sewage  is  discharged  at  the  plant  from  the  48-inch  force  line 
from  the  main  pumping  station.  As  already  described,  preliminary 
devices,  consisting  of  sand  catdiers  and  bar  screens,  stq  located  at 
the  pumping  stations. 

From  the  force  main  the  sewage  enters  the  distributing  conduits 
which  lead  to  the  22  Imhoff  tanks.  These  are  of  three  different 
sizes,  due  to  structural  requirements  in  rebuilding  them  out  of  the 
original  septic  tanks.  The  effluent  from  these  tanks  passes  to  a 
storage  tank  from  which  it  is  applied  to  the  trickling  filters  by  a 
hand-operated  dosing  mechanism.  A  float  indicates  the  height  of 
the  sewage  in  the  storage  well.  At  a  certain  elevation  in  this  well, 
the  gates  to  the  filters  are  opened  by  hand.  Dosing  is  continued 
till  the  level  has  dropped  to  an  estabUshed  point,  and  the  gates  are 
then  closed. 

The  trickling  filters  are  in  the  shape  of  equilateral  triangles  laid 
on  the  plan  of  a  hexagon  with  the  control  house  at  the  center.  Only 
four  of  the  six  triangular  units  have  been  constructed.  Each  covers 
an  area  of  23^  acres,  divided  into  two  filters  of  1 J^  acres  each.  The 
distribution  system  is  laid  on  the  bottom  with  risers  to  the  nozzles. 
The  collecting  system  consists  of  half  tile  laid  on  sloping  bottoms. 
The  filtering  material  is  1  to  3  inch  stone  laid  to  an  average  depth 
of  &14  feet. 

The  effluent  from  the  trickling  filters  is  carried  in  a  66-inch  circular 
conduit  directly  to  the  river. 

There  are  in  place,  as  part  of  the  original  plant,  two  secondary 
sedimentation  tanks  which  were  designed  to  receive  the  effluent 
from  the  trickling  fflters.  These,  however,  are  now  r^ularly  by- 
passed. 

The  sludge-drying  beds  are  adjacent  to  the  Imhoff  tanks;  their 
ares,  however,  is  only  one-third  to  one-quarter  large  enough.  The 
sludge  is  shovded  into  cars  run  on  tracks  down  the  center  of  each 
bed.  When  filled  the  cars  are  hauled  by  a  gasoline  locomotive  up 
the  levee,  where  they  are  dumped  on  the  slope. 

Adequate  laboratory  and  office  facilities  are  provided  on  the 
second  floor  of  the  filter-control  house.  The  supervision  of  the 
plant  is  under  a  competent  chemist,  with  a  r^ular  personnel  con- 
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e  average  daily  voliune  of  sewage  treated  during  191S 
m.  g.,  and  the  treatment  plant  was  operated  227  dajrs.  D 
^■ear,  however,  the  total  flow  of  sewage  was  not  pumped  t 
ment  plant.  The  data  for  1920  giving  21.2  m.  g.  d.  treate 
I  more  correct  figure  for  use  in  computing  unit  costs, 
igure  with  the  1919  operating  cost  data,  the  cost  of  treat 
I  was  J2.48  per  m.  g.  d.,  and  the  total  cost  of  disposal  incl' 
>ing,  nightr-soil  disposal,  and  interest  and  sinking  fund 
6  per  m.  g. 

VI,  FiTCHBDRG,  Mass. 

e  engineering  survey  of  the  sewage-treetanent  plant  at  I 
Mass.,  was  made  June  29  to  July  3,  1920.  l^e  labor 
ea  followed  about  six  weeks  later,  September  15  to  25. 
«bbu[^  is  an  industrial  city  of  41,000  population  (1920  cei 
ed  in  the  north-central  part  of  Massachusetts  on  the 
iti  of  the  Nashua  Kiver.  The  principal  industries  are  the  n 
re  of  textiles  and  paper  goods.  In  addition  there  are  impo 
tries,  plants  for  the  production  of  iron  and  steel  goods, 
railroad  shops. 
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The  sewerage  system  is  a  combination  of  the  combined  and  separate 
sjstems.  The  sewers  existent  at  the  time  when  definite  steps  were 
&st  taken  toward  a  treatment  plant  were  of  the  combined  type. 
Sinoe  1911  all  new  construction  has  been  made  with  the  aim  of 
mi^lring  as  Complete  a  separation  of  sanitary  from  storm  sewage  as 
is  possible.  In  addition  some  separation  has  been  made  in  the  sewers 
exiBtent  before  1911,  but  entire  separation  ia  still  far  from  being 
accomplished.  In  an  article  on  the  Fitchburg  sewage-treatment  plant 
in  the  June  7,  1913,  issue  of  the  Engineering  Record  the  following 
statement  is  made- 
Mr.  Eddy  and  Mr.  Hartwell  find  that  there  are  reasonable  grounds  for 
questioning  the  desirability  of  making  a  complete  separation  of  sewage  from 
storm  water. 

No  accurate  data  are  available  as  to  infiltration  or  leakage.  It  was 
claimed  that  this  was  not  excessive.  However,  the  following  quota- 
tion from  the  Engineering  Record  of  Jime  7,  1913,  discussing  the 
factors  of  design  considered  for  the  Fitchburg  sewerage  system  and 
sewage-treatment  plant  would  indicate  an  amount  of  leakage  of 
considerable  volume: 

Provisions  has  been  made  for  an  ultimate  maximum  rate  of  leakage  of  1,960 
gallons  per  acre  per  day,  which  is  equivalent  to  74,000  gallons  per  day  per  mile 
of  sewer  assuming  the  tributary  area  to  be  completely  sewered. 

Local  topography  allows  ample  grades  in  almost  all  instances. 
Ttkese  range  on  an  average  from  1  to  20  per  cent  with  a  minimum  of 
0.5  per  cent.  Flushing  is  done  entirely  by  hose  and  only  when 
inspection  indicates  it  is  needed. 

As  on  most  combined  systems,  overflows  are  provided  at  a  number 
<rf  places  to  take  care  of  excessive  storm  flows.  These  overflows  or 
regulators  in  Fitchbui^  are  arranged  to  operate  at  three  to  four 
times  the  normal  dry  weather  flow.  In  addition  there  is  a  by-pass 
just  ahead  of  the  main  inverted  siphon  under  the  river  near  the  treat- 
ment plant.  It  is  possible  thus  to  discharge  the  siphon  directly  into 
the  river. 

The  total  mileage  of  sewers  of  various  types  and  sizes  was  not 
definitely  known.  From  the  Thirteenth  Semiannual  Report  of  the 
Sewage  Disposal  Commission,  the  following  sewers  are  listed  as  in 
place  December  1,  1916: 
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the  two  types  is  54.26  miles.  Since  that  date  (E 
12  miles  have  been  constructed  up  to  December  1 , 

of  67.38  miles  of  sanitary  and  combined  sewei 
r  which  are  combioed. 

0  records  of  the  number  of  ooonections  to  the  a 
Hartwell,  commissioner  of  public  works,  estimate 
ibuting  population  was  37,000  to  38,000. 

appearance  and  odor,  the  sewage  ia  received  i 
at  in  a  fresh  condition.  However,  the  analyses 
''  showed  that  dissolved  oxygen  was  pi'esent  in  < 
iples.  It  is  normally  a  dark  gray  in  color,  exec 
sn  it  becomes  a  light  gray.  From  time  to  timt 
reddish.  This  color  was  attributed  by  Mr.  Allen, 
bo  paper-mill  wastes.  He  stated  that  the  color  \. 
wage  in  the  tanks  and  that  a  light  reddisb-yellow 

1  the  surface.    The  filters,  however,  effect  a  cor 


rastes  are  also  evidenced  at  the  pumping  station 
chbui^  sew^e  is  forced  into  the  siphon  to  the 
nings  contained,  in  addition  to  solids  normally  p 
ly  masses,  which  appeared  to  be  paper  stock.  Tl 
noticeable  on  the  days  of  inspection.  The  pape 
is  waste  is  supposed  to  originate  has  installed  a 
ik  as  a  treatment  preliminary  to  discharge  int 
inspection  of  this  tank,  taken  in  connection  wi 
described  above,  indicated  either  by-passing  oi 
iration  of  the  tank.* 

ol  publlo  wivki^  baa  nporWd  that  this  pi 
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In  addition  to  this  paper  mill,  a  worsted  null  discharges  the  waste 
from  the  scouring  of  15  to  20  tons  of  wool  per  week.  This  waste  is 
allowed  to  settle  before  discharging  into  the  sewers  imder  an  agree- 
ment covering  the  mayimnm  allowable  flow  during  any  one  hour, 
Tlie  total  flow  is  thus  distributed  to  insure  adequate  dilution  at  all 
times. 

On  the  whole,  it  is  doubtful  whether  the  industrial  wastes  are  of 
such  character  or  of  sufficient  volume  to  seriously  affect  the  operation 
of  the  treatment  plant. 

More  real  difficulty  is  experienced  with  grit  from  the  combined 
sewers.  An  effort  is  made  to  remove  this  in  grit  chambers  through 
which  the  combined  sewage  is  passed  before  entering  the  siphon  to 
the  plant,  but  it  is  found  that  a  considerable  amoimt  is  carried 
through  these  chambers  to  the  plant,  where  it  deposits  in  the  sludge 
compartment  of  the  Imhoff  tanks. 

During  the  year  December,  1918,  to  December,  1919,  an  average 
of  3.361  m.  g.  d.  was  treated.  The  variation  from  the  average  is 
quite  large.  It  was  stated  that  the  flow  at  times,  though  rarely, 
dropped  to  a  rate  as  low  as  0.5  m.  g.  d.,  while  during  storms  it  rose 
to  a  rate  of  10  m.  g.  d.  These  extremes  represent  those  received  at 
the  treatment  plant.  The  siphon  to  the  plant  is  capable  of  handling 
14  m.  g.  d.,  but  the  siphons  dosing  the  filters  begin  to  operate  con- 
tinuously at  a  10-m.  g.  d.  rate,  and  for  this  reason,  when  the  rate 
reaches  this  fiigure,  the  blow-off  on  the  siphon  to  the  plant  is  opened 
and  the  excess  by-passed  to  the  river. 

As  early  as  1896,  the  city  engineer,  Mr.  David  A.  Hartwell,  recom- 
mended tiie  construction  of  intercepting  sewers  and  a  treatment  plant. 
It  was  not  until  1910,  however,  that  a  special  legislative  act  author- 
ized the  appointment  of  a  commission  to  imdertake  these  needed 
improvements.  Mr.  Hartwell,  formerly  city  engineer  and  now 
commissioner  of  public  works,  was  chief  engineer  and  superintendent 
of  this  conmiission  and  Mr.  Harrison  P.  Eddy,  of  Boston,  consulting 
engineer.  Early  in  1915  the  intercepting  sewers  were  constructed 
and  all  devices  of  the  treittment  plant  were  in  operation.  Practically 
no  material  changes  or  modifications  have  been  made  subsequent 
to  that  date. 

Because  of  local  topography  the  sewage  is  taken  to  the  plant 
throu^  a  30-inch  inverted  siphon,  about  1  mile  long.  Previous  to 
entering  this  siphon  the  sewage  from  the  main  part  of  the  city  is 
passed  through  a  grit  chamber.  This  chamber,  located  about  one- 
thjrd  mile  ahead  of  the  siphon,  is  divided  into  two  compartments,  so 
that  one  can  be  cleaned  while  the  other  is  in  operation. 

At  the  entrance  to  the  siphon  there  is  a  coarse  bar  screen  with 
1  ^inch  openings. 
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The  sewage  from  South  Fitchburg,  from  what  is  known 
low-level  system,  is  pumped  into  the  siphon  about  one-third  oi 
ahead  of  the  treatment  plant.    At  the  pumping  station  th< 
small  sump  intended  to  act  as  a  grit  chamber  and  a  bar  sci 
^'inch  clear  openings. 

The  siphon  discharges  at  the  treatment  plant  through  a  8( 
inch  recording  Venturi  meter.     From  this  it  enters  five  Imhoi 
under  the  siphon  head  through  sluice-gate-controUed  orifices, 
tanks  have  three  sedimentation  chambers  of  the  reversible-floi 

The  tanks  discharge  into  two  siphon  chambers  containing 
siphons  automatically  controlled  to  produce  alternating 
lliey  discharge  onto  2  acres  of  trickling  filters  through  W< 
nozzles. 

The  filter  effluent  is  subjected  to  final  sedimentation  throi 
vertical  radial-flow  Dortmimd  tanks,  and  thence  discharged 
north  branch  of  the  Nashua  River. 

Sludge  is  dried  on  11  sludge  beds  located  adjacent  to  the 
tanks,  but  at  an  elevation  of  3  feet  above  the  water  level 
tanks,  so  that  it  has  to  be  pumped.     This  is  done  by  an  air 
addition  to  the  regular  sludge  beds  use  is  made  of  some  lo^ 
adjacent  to  the  plant.     The  sludge  is  finally  disposed  of  by 
low  lands  aroimd  the  plant. 

As  stated  before,  the  grit  chambers  can  be  by-passed, 
also  a  blow-off  valve  on  the  30-inch  inverted  siphon  to  th( 
where  it  crosses  the  north  branch  of  the  Nashua  River,  just'] 
reaching  the  plant,  thus  making  possible  by-passing  the  entire] 
Within  the  plant  itself  by-passes  are  so  arranged  that  any 
devices  can  be  eliminated. 

Laboratory  facilities  are  very  good.     They  are  housed 
attractive  administration  building,  which  also  contains  th< 
office,    the    air-lifting  machinery  for  the  sludge,  storerooi 
showers  and  toilet  facilities  for  the  men. 

Operation  is  directed  by  the  chemist  in  charge,  who  has  im< 
a  foreman  and  one  laborer  during  the  winter,  but  four  laborers 
the  summer.     In  addition,  there  are  two  watchmen. 

The  plant  as  a  whole  is  imusually  well  kept  up.     The  groi 
attractively  parked  and  planted,  and,  what  is  of  more  impo] 
properly  maintained. 


J   THE  BACKGHOUND, 
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The  results  of  the  chemical  analysee  mode  at  this  plant  are  con- 
tained in  the  following  table: 


[Results  la  pins  pB  million,  eiospt  as  notodl 
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The  suspended  solids  conteat  of  the  raw  sewage  was  the  highfist 
of  any  found  during  the  summer.  Other  determinatioiis  also  mn 
well  above  the  average  for  all  plants  visited,  though  the  excess  aboTe 
the  average  is  not  so  marked. 

Considering  the  strength  of  the  raw  sewage,  the  tanks  produce  a 
very  good  effluent.  At  only  one  plant  visited  was  the  suspended 
solids  content  in  a  primary  sedimentation  tank  effluent  as  low  as  at 
Fitdiburg.  The  oxygen  consmned  and  the  5-day  oxygen  demand 
values  are  above  the  average  determined  on  the  basis  of  the  summer's 
work,  but  they  are  not  too  high  for  the  filter  treatment. 

The  filter  effluent  was  stable  in  all  samples  subjected  to  the  methy- 
lene blue  test.  While  the  5-day  oxygen  demand  is  above  the  average 
for  fflter  effluents,  as  foimd  during  the  survey,  the  dissolved  oxygen 
content  is  exceeded  only  at  Alliance,  where  fine  intermittent  filters 
follow  contact  beds.  Tlie  nitrate  and  nitrite  value  is  the  highest  of 
any  fflter  effluent.  The  reduction  of  the  alkalinity  by  ffltration  is 
particularly  marked.  This  is  discussed  in  detail  in  Chapter  IQ. 
Practically  all  the  fflters  studied  effected  some  reduction  of  this 
constituent,  but  at  no  place  did  they  act  as  such  an  efficient  wate^ 
softening  plant. 

The  final  effluent,  that  from  the  secondary  sedimentation  tanks, 
differs  little  from  the  fflter  effluent.  The  suspended  solids  are  sligfailj 
reduced  and  the  nitrate  and  nitrite  content  slightly  increased.  Hie 
purpose  of  the  secondary  tanks  is  largely  the  removal  of  solids 
xmloaded  from  the  fflters.  When  the  fflters  are  not  unloading,  as 
was  the  case  when  the  above-mentioned  analyses  were  made,  the 
secondary  tanks  effect  little  change  in  the  character  of  the  fflter 
effluent. 

The  dilution  factor  in  the  receiving  body  of  water  is  not  definitdy 
known.  It  is  subject  to  wide  variations,  being  locally  estimated  to 
range  from  3  to  300.  If  the  analyses  in  the  above  table  are  repre- 
sentative of  the  average  siunmer  sewage  and  plant  effluent,  there  is 
little  danger  of  its  creating  nuisances  in  the  receiving  stream^  eveA 
during  periods  of  minimum  flow. 

The  construction  costs  of  the  plant  are  contained  in  the  following 
table: 

Table  No.  32. — Costs  of  construction  of  the  Fitchburg  (Mass,)  sewage^reatmenipttttd 

Engineering  and  inspection - about..  $30^000 

Land.- 26»008 

Imhoflf  tanks _ 56, 123 

Trickling  filters : .-. 13«,546 

Secondary  sedimentation  tanks 8|  WO 

Dosing  tanks  and  apparatus 10,6© 

Venturi  meter  and  chamber 2,  W2 

Sludge  beds 3,056 

Pump  house  and  pump 2;  008 
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Overflow  chamber... $902 

£ffliiait  channel. 1,329 

Roadways,  parking,  etc 10,  711 

Pipelines 9,668 

River  improvement.. 6, 123 

Bonus  to  contractor 6,  000 

laboratory  boUding,  complete 15,214 

MisodlaneouB about..  25,567 

Modifications  or  improvements  since  installation 2,  000 

TotaL 350,828 

The  maintenance  costs  given  below  are  for  the  year  December, 
1918,  to  December,  1919.  They  are  taken  from  the  1919  report  of 
the  commissioner  of  public  works.  Interest,  depreciation,  and  cler- 
ical work  incident  to  keeping  accounts,  etc.,  are  not  included.  The 
totals  include  administration,  laboratory,  care  of  grounds,  and  miscel- 
laneous expenditures,  which,  not  being  chargeable  to  any  of  the  tabu- 
lated accounts,  are  divided  pro  rata  among  them  all.  The  costs 
incidfflit  to  pumping  sewage  at  the  South  Fitchburg  pumping  station 
are  not  included.  The  cost  per  million  gallons  is  based  upon  1,219.9 
million  gallons  of  sewage  passed  through  the  plant  and  the  cost  per 
capita  upon  an  estimated  population  of  38,300  contributing  to  the 
sewers  November  27,  1919. 

Tablb  No.  33. — Summary  of  coat  of  operation  of  the  Fitchburg  {Maaa.)  aewagO' 
treaimeni  plant  for  the  fiacal  year  ended  November  80^  1919 
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Vn.  Houston,  Tex. 

The  engineering  survey  of  the  sewage-treatment  plants  at  Houston, 
Texr,  was  made  August  16  to  20,  1920.  The  laboratory  studies 
followed  a  little  over  two  months  later,  October  12  to  26. 

Houston  is  a  city  of  a  little  over  147,000,  located  in  the  south- 
western part  of  Texas.  It  is  a  distributing  center  for  a  large  sur- 
rounding territory,  and  also  contains  a  number  of  industrial  plants 
relating  principally  to  cotton,  oil  refining,  agricultural  pursuits,  and 
shipping. 
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While  there  are  two  sewerage  systems,  each  tributary  to  a  aepante 
treatment  plant,  separate  discussions  would  involve  much  needkas 
repetition.  In  this  report,  therefore,  they  are  mei^ged,  and  the 
points  of  difference  mentioned  in  the  general  discussion. 

The  sewerage  system  is  largely  on  the  separate  plan,  there  being 
only  a  small  down-town  business  section,  tributary  to  the  north- 
side  treatment  plant,  served  by  combined  sewera. 

The  city  engineer  does  not  feel  that  infiltration  over  the  system 
as  a  whole  is  excessive,  but  considers  it  about  average.  However, 
he  stated  that  some  roof  drains  were  illegaUy  connected  to  the 
sanitary  sewers,  and  he  considers  surface  leakage  through  manhole 
covers  the  source  of  considerable  storm  water  in  the  sewers.  In 
addition,  breaks  at  isolated  points  frequently  admit  large  volumes 
of  storm  water  carrying  much  mud  and  grit.  It  is  clearly  evident, 
from  the  sharp  rise  in  flow  and  the  character  of  the  sewage  received 
at  the  plants  during  periods  of  storm,  that  large  volumes  of  surface 
and  ground  water  do  enter  the  sanitary  sewers.  This  volume  is  at 
times  so  large  and  carries  so  much  grit  that  it  is  necessary  to  by-pasB 
the  plants. 

While  much  of  the  sewered  territory  is  flat,  every  effort  is  made 
to  attain  grades  sufficient  to  give  velocities  of  2  feet  per  second. 
Eight-inch  Unes,  which  is  the  prevailing  size,  have  grades  averag- 
ing 0.3  to  0.4  per  cent.  The  larger  sizes  are  laid  on  flatter  grades, 
36-inch  lines  having  slopes  of  0.045  per  cent. 

Flushing  is  done  largely  by  a  hose  connected  to  a  fire  hydrant 
though  there  are  some  flush  tanks  on  the  system.  There  is  no 
regular  flushing  schedule,  stoppages  being  taken  care  of  as  they  occur. 

The  mileage  of  the  different-size  sewers  was  not  available,  nor 
was  it  possible  to  divide  the  total  mileage  between  the  two  plants. 
On  January  1,  1920,  the  total  mileage  of  the  city  was  170. 

It  was  estimated  that  a  total  population  of  100,000  or  68  per 
cent  of  the  entire  city  was  tributary  to  the  sewers  at  the  time  of  the 
survey.  There  are  about  14,000  connections  to  the  sewers,  giving 
an  average  of  seven  people  per  connection.  It  was  further  estimated 
that  80  per  cent  of  the  contributing  population  was  served  by  the 
north-side  treatment  plant  and  20  per  cent  by  the  south-side  plant 

There  are  20  storm  overflows  on  the  system  and  it  was  estimated 
that  10  per  cent  of  the  flow  is  by-passed  at  these  points. 

On  that  part  of  the  system  tributary  to  the  north-side  plant 
there  are  three  pumping  stations.  Two  of  these,  one  known  as  the 
Houston  Heights  station  and  the  other  as  the  Westmoreland  station, 
located  in  the  northeast  and  southwest  sections  of  the  city,  respec- 
tively pump  to  the  main  or  Willow  Street  station.  All  three  stations 
are  provided  with  screens,  but  only  one,  the  Willow  Street  station, 
has  a  grit  chamber.    After  passing  through  the  screens  and  grit 
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(diamber  at  this  station,  the  sewage  is  lifted  by  centrifugal  pumps 
to  the  concrete  gravity  line  to  the  north-side  treatment  plant. 

The  bulk  of  the  sewage  received  at  the  south-side  plant  is  pumped 
at  the  south-side  pumping  station.  Here  it  is  passed  through  a 
screen  with  1-inch  clear  openings  and  some  of  the  heavy  grit  drops 
in  a  well  provided  for  this  purpose. 

The  character  of  the  sewage  received  at  both  plants  depends  to  a 
considerable  extent  upon  weather  conditions.  During  dry  weather 
it  has  the  appearance  of  a  typical  domestic  sewage,  apparently  fres^ 
after  a  maximum  travel  in  the  sewers  of  about  six  hours.  It  will  be 
noted,  however,  in  the  tables  of  analyses  that  dissolved  oxygen  is 
only  occasionally  present.  During  wet,  rainy  weather  the  character 
of  the  sewage  is  more  nearly  that  from  combined  sewers,  carrying 
excessive  amoimts  of  mud  and  grit.  At  such  times  it  is  customary  to 
by-pass  the  entire  flow  around  the  plants. 

T^e  only  industrial  waste  of  any  consequence  is  oil  from  power 
plants  and  factories  which  occasionally  reached  the  north-side  plant 
in  sufficient  quantity  to  cause  considerable  interference  in  the  opera- 
tion of  the  plant.  It  is  customary  to  by-pass  the  entire  flow  at  such 
times.  In  addition  to  this  waste,  the  north-side  plant  receives  the 
night  soil  from  12,000  privies,  averaging  about  1,200  gallons  a  day. 

The  average  dry-weather  flow  received  at  the  north-side  plant  is 
about  ^  m.  g.  d.,  with  variations  of  from  3.5  to  9.2  m.  g.  d.  These 
figures  do  not  include  heavy  storm  flows,  the  volume  of  which  is  not 
definitely  known,  but  is  estimated  to  run  as  high  as  a  20  m.  g.  d.  rate. 
Thej  are,  however,  fairly  representative  of  the  volume  actually 
treated  since  the  very  high  storm  flows  are  by-passed. 

The  average  dry-weather  flow  for  the  south-^ide  plant  is  1 3^  m.  g.  d. 
with  variations  from  0.9  to  2.3  m.  g.  d.  The  general  statements  in 
the  preceding  paragraph  relative  to  storm  flows  are  applicable  to 
this  plant  also. 

The  treatment  plants  were  built  in  1916  and  1917,  and  put  in 
operation  in  1917.  They  were  designed  by  Mr.  E.  E.  Sands,  city 
engineer  at  that  time.  Some  modifications  have  been  made  since 
that  date,  notably  the  removal  of  the  iron  castings  holding  the 
filtros  plates,  and  the  cementing  of  these  plates  directly  to  the  bottc»n 
of  the  tanks.     This  work  was  done  in  1920. 

Sew^e  is  received  at  the  north  side  plant  in  a  concrete  gravity 
main.  Most  of  it  has,  however,  been  pumped  into  this  gravity 
main  and  some  has  been  pumped  twice. 

At  the  plant  itself  the  sewage  enters  the  aeration  tanks  of  which 
there  are  four  in  place,  but  only  three  are  used.  These  tanks  are 
long  and  nairow,  the  length  beic^  about  1 5H  times  the  width.  About 
fme^eventh  of  the  bottom  consists  of  filtros  plates.    In  these  tanks 


78  SEWAQE  TREATMENT  IN  THE  UNITED  STATES 

the  sewage  is  under  constant  aeration  for  its  entire  lengthy  receiving 
1.5  cubic  feet  of  air  per  gallon  of  sewage. 

From  the  aeration  tank  the  sewage  flows  to  the  sedimentatioD 
tanks  through  a  long  narrow  channel  id  which  aerators  are  placed  at 
intervals  to  prevent  sedimentation.  It  enters  these  tanks  throi^ 
flap  gates  located  near  the  bottom  of  the  inlet  channel.  These  gates 
are  opened  to  stand  at  an  angle  of  45^  and  act  as  downward  deflec- 
tors. The  effluent  from  these  tanks  passes  to  an  outlet  diannd,  and 
thence  over  a  weir  to  the  ship  channel  or  bayou  without  further 
treatment. 

Sludge  settling  in  the  final  tanks  is  raised  by  air  lifts  to  a  reaera^ 
tion  tank  of  the  same  design  as  the  sewage  aeration  tanks,  except 
that  it  is  only  about  one-half  as  wide.  In  this  tank  the  sludge  is 
aerated  and  carried  back  to  the  inlet  of  the  sewage  aeration  tanks 
where  it  is  mixed  with  the  incoming  sewage  entering  these  tanks. 

The  flow  of  sewage  through  the  plant  is  measured  as  it  passes  the 
final  outlet  weir  by  a  recording  gage.  The  amoimt  of  air  is  measured 
by  a  Pitot  tube  inserted  in  a  reduced  section  of  12-inch  pipe.  All 
air  is  screened  to  reduce  clogging  of  the  filtros  plates. 

Plants  of  this  type  require  considerably  more  machinery  than  any 
other  type  of  sewage  treatment.  At  Hoiiston  the  motors,  air  com- 
pressors, pumps,  etc.,  are  housed  in  a  substantial  attractive  brick 
building. 

There  are  no  overflows  at  the  plant,  but  the  entire  flow  can  be 
by-passed  around  the  plant,  and  this  is  done  at  times  of  storms  wh^ 
the  flow  is  above  the  maximum  capacity  of  the  plant  and  when  the 
sewage  carries  an  excessive  amount  of  grit  which  would  settle  out  in 
the  aeration  tank  and  interfere  with  operation,  or  when,  as  occa- 
sionally happens,  the  sewage  is  carrying  a  large  amount  of  oil  wastes. 

A  dewateiing  plant  to  dry  sludge  has  been  installed,  though  it  is  not 
yet  in  operation,  as  it  has  been  impossible  to  secure  a  proper  conveyor. 
The  sludge  is  to  be  pumped  from  the  final  tanks  of  the  treatm^t 
plant  to  three  large  elevated  wooden  tanks  where  a  short  period  of 
sedimentation  is  allowed.  From  these  it  flows  by  gravity  to  two 
ejectors,  which  force  it  into  two  large  presses.  The  cake  is  dumped 
into  storage  bins  to  be  picked  up  by  the  conveyor  to  a  rotary  dryer. 
After  drying,  the  large  lumps  are  screened  out,  ground,  and  rescreened, 
all  screenings  being  carried  to  a  storage  room  by  a  conveyor.  It 
will  be  loaded  from  here  into  cars  or  wagons  by  a  loading  conveyor. 
At  the  time  of  the  survey,  sludge  was  being  run  to  two  laige  artifictil 
lagoons,  which  had  been  used  for  about  three  years. 

Laboratory  f acihties  for  both  treatment  plants  are  provided  at  the 
north-side  plant.  These  consist  of  an  adequately  equipped  laboratory, 
in  charge  of  a  part-time  student  chemist,  who  is  to  be  replaoed  b; 
a  full-time  man. 
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The  operation  of  the  plant  is  in  the  hands  of  a  diief  operator, 
operates  the  plant  8  hours  and  has  general  supervision  over  the  two 
operators  at  the  plant  the  remaining  16  hours.  In  addition  tliere 
are  three  laborers. 

Practically  no  improvements  have  been  made  in  the  grounds  m- 
rounding  the  plant.  The  treatment  devices  are  concentrated  Id  b 
small  area,  located  in  a  basin  with  the  land  rising  sharply  on  throe 
sides.  It  was  intimated  that  some  steps  toward  planting  and  parking 
the  groimds  were  being  contemplated. 

The  south  side  treatment  plant  is  the  same  in  general  design  and 
in  most  of  its  details  as  the  north-side  plant,  already  describedj  ex- 
cept that  it  is  just  one-half  as  large.  The  air  used  is  slightly  more  than 
at  the  north  side  plant,  being  1.7  as  against  1.5  cubic  feet  per  gallon. 

There  is  no  sludge-dewatering  plant  provided,  and  all  sludge  is 
pumped  to  a  large  lagoon.  The  future  method  to  be  adopted,  whether 
more  lagoons  or  some  other  means  of  disposal,  is  still  unsettled. 
Experience  with  the  dewatering  plant  at  the  north  side  plant  and 
futiu^e  possible  development  in  sludge  treatment  will  decide  this 
question  when  the  time  comes. 

The  laboratory  facilities  provided  at  the  north  side  plant  are  snf- 
fident  to  handle  both  plants,  and  only  an  office  and  tool  house  has 
been  built  at  the  south  side  plant. 

Operation  is  in  the  hands  of  a  chief  operator  with  two  assistant 
operators  and  one  laborer. 

At  the  time  of  inspection  very  little  attention  had  been  given  to 
improving  the  grounds  around  the  plant. 

The  results  of  the  chemical  analyses  made  at  the  north  side  plant 
are  contained  in  the  following  table: 
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Fablb  No.  34. — BesuUs  of  chemical  analyses  at  the  Hottetont  north  tide  utDage* 

treatment  plant 

[Bma\ta  in  parts  per  million,  enept  as  noted] 
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270 

198 

39 

130 

134 

Biochemloal  oxygen  de- 
mand at  20<*  ±  0 

Dissolved 
ox3rgen 

Hours  to  re- 
duce M.B.  at 
20<*^  C 

Nitrogen  aft- 

Raw 

Eflhient 
final  sedi- 

tank 

Raw 

Efflu- 
ent 
final 
sedi- 
menta- 
tion 
tank 

Raw 

Efflu- 
ent 
final 
sedi- 
menta- 
tion 
tank 

Ammonia 

H-boor  suiple  ending 
Sa.oi.— 

Raw 

Efllu- 
ent 

final 

sedi- 
menta- 
tion 

tank 

Ni- 
trates 
efflu- 
ent 
final 
sedi- 
menta- 
tion 
tank 

Per  cent  con- 
centration 

1-day 

5-day 

1-day 

6-day 

10 

100 

Oft  18 

14.^ 

56 
84 
50 
44 
36 
40 
90 
56 
28 
12 

104 

160 

140 

100 

84 

96 

160 

128 

68 

3.4 
11 
2.4 
3.5 
3.3 
4.2 
3.6 
35 
6.0 

lao 

&4 
5.5 
130 
7.5 
310 
13.0 
130 

lao 

ao 

.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
1.7 

5.7 
6.4 
6.8 
5.8 
5.2 
5.0 
4.3 
4.0 
4.4 
5.3 
&2 

48 
34 
48 
48 
48 
48 

■""48' 

240+ 
340+ 
340+ 
340+ 
340+ 
216+ 
192+ 
168+ 
144+ 
120+ 
72+ 

9 
16 
37 
18 
20 
15 
37 

30 
32 
37 

lao 

5.0 
4.8 
7.2 

&8 
4.8 

11 

6.2 

17_ 

4.8 

18. 

1.2 

If       

LO 

«._ 

1.4 

M^ 

34 

a 

10 
8 

&0 
.7 
.5 

34 

a_ 

9.6 

a. 

9.6 

Annee 

52 

116 

3.3 

11 

.3 

6.2 

17 

4.3 

4.6 

With  the  exception  of  Baltimore,  no  raw  sewage  studied  more 
closely  approximated  the  average  obtained  from  all  plants  surveyed. 
The  suspended  solids  are  about  15  per  cent  high,  but  the  other 
critical  constituents^  such  as  settleable  solids,  oxygen  consumed  and 
^'xygen  demand  are  unusually  close  to  the  average.  The  dissolved 
^Kxygen  is  rather  less  than  was  to  be  expected  from  the  physical 
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i^pearance  of  the  sewage  and  its  short  travel  m  the  sewers.  Only 
at  activated  sludge  plants  was  the  anunonia-nitrogen  determination 
made.  At  these  plants  it  is  of  particular  vdue  as  indicating  Uie 
efficiency  of  the  aeration,  as  measured  by  the  reduction  of  this 
constituent. 

This  plant  represents  the  laigest  permanent  installation  of  tlie 
activated  sludge  process  in  this  country.  Judged  by  the  effluent 
obtained  at  this  plant,  the  process  is  undoubtedly  capable  of  producing 
a  thoroughly  satisfactory  effluent  under  actual  operating  conditions. 
It  compares  very  favorably  with  the  effluents  from  trickling  filters 
studied  on  the  survey.  The  suspended  solids  are  lower  than  any 
trickling  filter  effluent,  the  reduction  in  oxygen  consumed  greater, 
the  5-day  oxygen  demand  about  the  same  as  the  properly  operating 
fiilters,  and  the  nitrates  and  nitrites  well  above  the  average.  The 
effluent  from  this  plant  should  be  readily  handled  by  any  body  of 
water  capable  of  receiving  the  effluent  from  any  type  of  plant  of 
this  capacity. 

The  results  of  the  chemical  analyses  made  at  the  south  side  plant 
are  contained  in  the  following  table: 

Table  No.  35. — RemdU  of  chemical  analyaea  at  the  Houston  south  side  tevo^** 

treatment  plant 

[Rflsnlts  in  parts  per  miUlon,  except  as  noted] 


24-hoar  lample  ending 
8  ft.  m.— 


Oct.  12. 
18. 
14. 
16. 
18. 
10. 

ao. 

21. 
22. 
25. 


Average. 


Suspended 
matter 


I 


196 
180 
372 
132 
IM 
104 
92 
476 


220 


II 


h 


5 
6 
7 
0 

14 
8 

IS 
1 
0 

14 


7.8 


I 


s 
I 


40 
52 
SO 
42 
20 
42 
48 
100 


48 


Settleable 
soUds,  2 

hOOTB  C.  C. 

per  uteri 


Tr. 
2.0 
3.0 
10 
LO 
1.0 
2.1 
2.0 
10 


11 


II 


§ 


|1 

h 


Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 


Tr. 


Oxygen  con- 
sumed 30^ 
inb<rfling 
water 


37 
43 
02 
20 
84 
87 
83 
41 


88 


li 


&8 
4.8 
&4 
6L4 
7.0 
Oc8 
OcO 
6L2 
&2 
0.8 


0.4 


Alkalinity 
as  CaCOi 
by  M.  O. 


I 


380 

882 
810 
SOB 
288 

SS 
810 
206 


304 


V 

I 


190 
208 

320 
200 
208 

210 


224 

204 


220 


it 

h 

a  f 

SB 


1! 
I 


48 
84 
42 
21 
82 
84 
43 
81 


ChkrtiKM 

«-« -  -" — 

CMOniMi 


no 

120 

itf 

100 
MO 

no 

102 


101 


If 


107 
IN 

m 

Uf 

w 
Iff 

IM 
107 
100 
10 


m 


1  Tr.  indicates  less  tlian  0.1  o.  c. 
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Tablb  No.  35 — ResuUs  of  ckemical  analysU  at  the  Houston  soiUh-'Side  sewage-' 

treatment  p{an<---Continued 


Biochemical  oxirgen 

Dissolved 
oxysen 

Hoonto 

redaceM.B. 

tX7ff±  C. 

Nitrogen  aft- 

demand  at  20^±  C. 

Ammonia 

2l-boar  Mmpto  ending 
8a.in.~ 

Raw 

Efllaent 
final 

sedimen- 
tation 
tank 

Raw 

Efflu- 
ent 

final 

sedi- 
menta- 
tion 

tank 

Raw 

Effla- 
ent 

final 

sedi- 
menta- 
tion 

tank 

Raw 

Bfflur 

ent 

final 

sedi- 

menta- 

Uon 
tank 

Ni- 
trates, 

efflu- 
ent 

final 

1-day 

5Klay 

1-day 

6^ay 

sedi- 
menta> 

Per  cent  con- 
centration 

tion 
tank 

10 

100 

Oct.  12 

2.0 
18 
14 
L8 

a.0 

2.2 
2.6 
2.8 
16 

0.0 
&6 
7.4 
7.6 
0.0 
7.6 
&0 
7.6 
7.0 

ao 

.0 

.0 

.0 

18 

1.8 

.0 

.0 

14 

7.6 
7.8 
7.8 
&8 
7.6 
7.6 
OLO 
7.4 
OLO 
7.1 

"""48' 

72 
72 
90 
72 
48 
48 

240+ 
240+ 
240+ 
240+ 
240+ 
210+ 
192+ 
108+ 
144+ 
72+ 

"■"22' 
18 
16 
20 
16 
24 

1.2 
L6 
L2 
1.0 
10 
LO 
8.0 

&8 

U 

£2 
00 
48 
12 
20 
40 
48 
28 

120 
1» 
170 
88 
04 
112 
104 

9.2 

14       , 

7.2 

u 

0.8 

18u 

.0 

10 , , 

4.2 

ML 

7.2 

n,    

4.0 

10 

8.0 
.0 

4.0 

3Bl 

&4 

... ..  . 

38 

112 

13 

7.4 

.8 

7.4 

18 

L7 

OLO 

The  raw  sewage  at  this  plant  contamed  a  higher  siispended  solid 
oontent  than  that  at  the  north  side  plant,  but  in  other  respects  it 
was  weaker,  though  not  enough  so  to  affect  a  comparison  of  the  effi- 
ciency of  the  two  plants.  In  such  a  comparison  the  effluent  from  the 
south  side  plant  shows  up  better  than  that  from  the  north  side  plant. 
It  should  be  noted,  however,  that  1.7  cubic  feet  of  air  was  used  at  this 
plant  per  gallon  of  sewage,  while  at  the  north  side  plant  the  amoimt 
was  1.5.  Moreover,  it  is  not  believed  that  the  conditions  at  the  north 
side  plant  were  normal  during  the  period  covered  by  the  analyses. 
Just  previous  to  this  period  there  had  been  some  trouble  in  maintain- 
ing the  sludge  in  proper  condition,  due,  it  was  stated,  to  excessive 
amounts  of  oil  in  the  sewage,  and  a  new  supply  of  sludge  was  being 
built  up.  The  chemist  maldng  the  studies  felt  that  imder  normal 
conditions  the  north  side  plant  produces  fully  as  good  an  effluent  as 
the  south  side  plant. 

Taken  by  itself  the  effluent  from  the  south  side  plant  is  among  the 
best  foimd  during  the  survey,  containing  within  itself  more  dissolved 
oxygen  than  is  required  to  satisfy  the  5-day  demand.  The  Efficiency 
of  aeration,  as  measured  by  the  reduction  of  ammonia  nitrogen,  is 
particularly  noteworthy,  this  constituent  being  reduced  over  90  per 
cent,  from  18  to  1.7  parts  per  million. 
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The  constaruction  costs  of  the  two  Houston  plants  are  contained 
in  the  following  table: 

Tablb  No.  36. — CarutrucHon  cosU  of  the  north  tide  and  south  tide  Bewagt^reat" 

ment  plants  at  HovMon^  Tex, 


Item 


Exesntkni 

Tnik  baikUnsi,  etc 

Air  ftDd  power  equipment. 
FfltrosplBtflt 


BTtthit  flltroe  plates— net . 
Total 


North  side 
pUnt 


125,822 

UM.406 

17,827 

0,439 

10^005 

83 

%700 


257,871 


South  side 
plant 


$5,488 

87,780 
7,850 
2,800 
7,058 

>8,680 
250 


115,313 


1  Does  not  indnde  the  $68,000  sludge  drsring  plant. 


a  Includes  water-supply  system. 


The  operating  cost  for  the  year  1919  is  contained  in  the  following 
taUe.  This  table  is  arranged  to  give  the  cost  per  million  gaUons, 
treated  on  the  basis  of  average  treatment  of  6  m.  g.  d.  for  the  north 
nde  plant  and  1.5  m.  g.  d.  for  the  south  side  plant.  It  is  noticed  that 
depreciation  and  interest  on  the  investment  are  not  included. 

Table  No.  37. — Operating  costs  per  miUion  gallons  of  the  north  side  and  south  side 
sewage^reatment  plants  at  Houston,  Tex,,  for  the  year  1919 


Item 


Power  at  1  eant  per  kilowatt  hoar 

Chief  operator 

Tvooperatoa.- 

Labar!l7. 

Chemist,  two-tlMs  for  north,  on»4hird  for  south 
Bupptis 

Total- 


14.008 


North  side 

South  side 

plant 

plant 

$0,000 

$8,000 

.045 

3.500 

1.446 

A.  780 

1.875 

2.007 

.000 

.300 

.833 

.800 

21.107 


In  considering  these  figures,  allowance  must  be  made  for  the  fact 
that  neither  plant  is  op^^ting  at  its  capacity.  Even  aUowing  for 
this,  however,  the  costs  are  well  above  the  average  for  other  types 
of  plants  of  equal  capacity. 

VIII.  Lexington,  Ky. 

The  engineering  survey  of  the  sewage-treatment  plant  at  Lexing- 
ton, Ky.,  was  made  August  4  to  7,  1920.  T^e  laboratory  studies 
Followed  immediately,  August  11  to  21. 

Leodngton  is  a  city  of  41,500  population  (1920  census),  located  in 
the  central  part  of  Kentucky.  It  is  the  center  of  a  •large,  wealthy 
agricultural  territory,  and  one  of  the  important  tobacco  markets  of 
the  country.  Tliere  are  comparatively  few  industrial  plants,  none 
producing  wastes  of  sudi  character  and  volume  as  to  a£fect  the  opera- 
tion of  a  sewage-treatmeDt  plant. 
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The  sewerage  system  is  of  the  separate  type.  It  was  stated,  how- 
ever, that  some  roof  dram3  are  comiected  to  the  sanitary  sewen^ 
and  that  the  storm  sewers  receive  a  small  amomit  of  strictly  saoiiaiy 
sewage.  The  exact  extent  of  this  deviation  from  the  general  poliqr 
of  separation  is  not  known. 

Infiltration  is  well  above  the  average,  many  of  the  sewers  having 
been  laid  in  water.  Heavy  storms  always  produce  a  marked  increase 
in  flow  at  the  treatment  plant,  amoimting  to  five  to  six  times  the 
dry-weather  flow. 

The  grades  are  sufficient  to  insure  a  self-cleaning  velocity  of  2  feet 
per  second  when  the  sewers  are  flowing  half  full.  Lateral  sewen 
are  laid  on  a  0.6  per  cent  average  grade,  the  main  or  trunk  sewen 
about  0.3  per  cent,  and  the  39-inch  outfall  to  the  plant  on  a  0.12 
per  cent. 

•Flushing  or  cleaning  is  done  almost  entirely  by  flush  tanks,  of 
which  there  are  140  on  the  system.  Hose  flushing  is  resorted  to 
only  in  case  of  stoppages. 

The  following  list  of  the  various  size  pipes  composing  the  seweragi 
system  was  obtained  from  the  city  engineer: 

LInearfeet  XJbmtM 


5-inch  (house  connectioDB) 75,  000 

S-inch- 185,000 

10-inch 6,  000 

12-inch 3,  000 

15-inch 18,  000 


18-mch 4.001 

20-inch 4,on 

24-inch 11,00* 

39-inch 5,900 


With  the  exception  of  the  39  inch,  which  is  s^mental  block,  il 
of  the  above  are  vitrified  tile.  The  total  mileage  represented  in  thfl 
table  is  approximately  40. 

It  was  estimated  tJbat  there  were  4,500  house  connections  to  the 
sanitary  sewers,  through  which  sewage  is  received  from  28,000 
people.     This  figures  6.2  persons  per  connection. 

There  are  two  overflows  on  the  sanitary  system.     These,  it 
stated,  operate  about  five  times  a  year,  so  that  but  very  little  s 
tary  sewage  fails  to  reach  the  treatment  plant  because  of  tb 
overflows. 

The  raw  sewage  received  at  the  treatment  plant  has  the  phyaicd 
appearance  of  a  normal  fresh  sanitary  or  domestic  sewage.  Whik 
it  was  devoid  of  oxygen  on  seven  out  of  ten  days  on  which  analj&co 
were  made,  the  travel  in  the  sewers  is  relatively  short,  and  no  in(fi- 
cation  of  advanced  septic  action  was  visible. 

Industrial  wastes,  it  was  stated,  are  seldom  detectable,  thou^ 
occasionally  a  small  amoimt  of  slaughterhouse  waste  is  observed 
From  a  treatment  standpoint,  the  industrial  waste  entering  Um 
sewers  may  be  neglected. 
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The  STerage  dry-weather  flow  was  estimated  at  2.5  m.  g.  d.  This 
igore  may  be  coiiBidered  fairly  accurate  as  it  was  obtained  by 
Dountiiig,  for  a  definite  period  on  several  different  days,  the  number 
of  times  the  siphon  tanks  discharged  to  the  filters.  No  regular 
Bow  records  are,  however,  kept.  From  the  averc^e  of  2.5  m.  g.  d. 
the  variations  in  dry-weather  flow  run  from  1.0  to  3.5  m.  g.  d.  At 
times  when  prolonged  heavy  rains  cause  large  increases  in  the  infil- 
tetion  factor,  the  flow  may  reach  a  14  m.  g.  d.  rate,  but  it  is  cus^ 
tomary  to  by-pass  around  tibie  plant  all  in  excess  of  a  5  m.  g.  d.  rate. 

The  average  water  consumption  throughout  the  year  is  4  m.  g.  d. 
rhis  indudes  industrial  users,  some  of  which,  such  as  railroads,  do 
lot  contribute  sewage  in  proportion  to  their  water  consumption. 
Deducting  industrial  consumption,  the  domestic  per  capita  consump^ 
ion  is  about  60  gallons  per  day. 

The  treatment  plant  was  designed  by  the  Soloman-Norcross  Co., 
Kmsulting  ^[igineers  of  Atlanta,  Oa.  It  was  built  in  1918,  and  was, 
herefore,  in  operation  three  years  at  the  time  of  this  survey.  There 
tare  been  no  material  enlargements  or  modifications  made  since  the 
llant  was  put  in  operation. 

The  treatment  plant  is  located  west  of,  and  about  2{  miles  from 
he  center  of  the  city,  and  about  a  mile  from  the  west  boundary 
ine.  The  sewage  enters  the  plant  through  a  segmental  tile  block 
ewer.  It  passes  through  an  inclined  coarse  bar  screen  just  before 
ntering  the  grit  chambers  of  which  there  are  three.  Two  of  these 
re,  as  a  matter  of  general  routine,  operated  in  parallel  with  the 
bird  lying  in  reserve.  From  the  grit  chambers  the  sewage  passes 
hrough  an  inverted  siphon  under  the  Louisville  &  Nashville  Rail- 
oad  tracks  to  the  inlet  conduit  of  the  Imhoff  tanks. 

These  are  four  reversible-flow,  double-channel,  medium  deep  tanks, 
lie  effluent  from  them  is  applied  through  two  automatic  siphon  dos« 
ag  tanks  onto  four  trickling  filter  units.  The  individual  underdrains 
t  the  filters  discharge  direct  into  the  secondary  sedimentation  tanks, 
liese  are  two  long,  narrow  tanks,  each  located  between  and  serving 
wo  filter  units.  The  two  outlet  conduits  from  these  tanks  lead 
irect  to  Town  Branch,  the  receiving  stream. 

Tliere  are  two  sludge  beds,  each  divided  into  four  units,  with  an 
rea  of  210  square  feet  each.  About  50  per  cent  of  the  dried  sludge 
\  hauled  away  by  farmers. 

By-passes  are  so  located  that  the  whole  plant  or  any  single  unit 
m  be  cut  out.  In  addition  there  is  an  emergency  overflow  just 
bead  of  the  bar  screens. 

A  laboratory  and  adndnistration  building,  included  in  the  original 
esign,  is  available,  but  has  never  been  equipped  for  laboratory  work, 
jialyses,  of  which  eight  sets  were  made  in  1919,  are  made  by  a 
art-time  chemist  who  also  makes  periodical  inspections  of  the  plant. 
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Hie  plant  is  operated  by  a  8iq>ermteiideiit  who  lives  at  the  plant. 
Th^e  is  a  watchman  on  duty  at  night  and,  by  arrangement  with  the 
county  in  which  the  plant  is  located,  four  chain-gang  laborers  are 
Available  as  needed. 

.  Up  to  the  time  of  the  survey  (August,  1920),  very  little  work  had 
be^  done  around  the  grounds.  The  plant  is  comparatively  new,  and 
woi^  has  been  held  up  by  the  war.  The  land  is  very  poor  but  is 
b^ng  built  up  by  sludge  from  the  plant.  Plans  are  well  formulated 
for  parking  and  improving  the  groimds.  When  these  have  been  cai^ 
ried  out  the  plant,  as  a  whole,  should  present  a  very  attractive 
Appearance. 

The  results  of  the  chemical  analyses  made  at  this  plant  are  con- 
tained in  the  following  table : 

TiBLB  No.  38. — ReauUa  of  chemical  analyset  at  the  Lexington  (Ky,)  eewage' 

treatment  plani 

[BcBolU  in  parts  per  million,  except  ••  noted] 


wnple 


■t.nL~ 


UL- 

13.. 

IC 

1ft.. 

ML. 

17.. 

1«L. 

19 

» 

2U. 


A?w- 


SoBpanded  matter 


183 
176 


142 

a 

47 


146     42 


■;: 


in 
as 

30 


20 


231 

in 

128 


106 
33 


M6    67 


27 

25 

SB 
43 


40 


75 
50 
44 


62 


83 

52 
40 
18 


48 


20 
8 


14 


Settleable 
solids,  2  hoars 
0.0.  per  Uteri 


I 


1.8 
2.2 


I 


§ 


2.2  Tr. 
L5  Tr. 


1.^ 
2.1 
2.8 
1.7 
6.7 
1.0 


Tr. 
Tr. 


Tr. 

TrJ 

as 

Tr. 
Tr. 
Tr. 


L8  Tr. 


2.4  Tr. 


Tr. 

Tr. 

Tr. 

Tr 

Tr. 

Tr 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 


Tr. 


Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 
Tr. 


Tr. 


Oxygen  con- 
sumed SO' in 
bolUnf 


e 

H 


38  24 

20  11 

23  14 

22  18 

26  24 

89  21 

38  21 

30  321 

33  31 
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Tablb  No.  38.— fimulfo  o/  ehemieal  anotyna  ol  the  LasinqUm  (K^.) 

treatment  plant — <]^oiitiiiued 
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>  Tr.  indicates  less  than  0.1  c.  c. 


With  the  exception  of  the  oxygen  demand,  the  raw  sewage  is 
slightly  weaker  than  the  average  found  on  the  survey.  Thooi^ 
dissolved  oxygen  is  only  occasionally  present,  and  then  oolj  in  small 
amounts,  there  is  no  indication  in  Uie  physical  appearance  and  odor 
to  indicate  that  the  sewage  is  septic.  In  this  instance,  and  in  severd 
others  encountered  during  the  survey,  it  is  not  believed  that  thi 
dissolved  oxygen  determination  is  a  true  indication  of  the  chancta 
of  the  sewage  as  sampled.  The  dissolved  oxygen  determinati 
was  made  more  as  an  adjimct  to  the  oxygen  demand  detenninati 
than  as  a  separate  determination.  It  was  made,  therefore,  on 
24-hour  composites.  While  the  samples  were  kept  on  ice  during 
entire  collection  period,  it  is  very  possible  that  a  small  diasol 
oxygen  content  could  be  used  up  during  this  storage. 

The  Imhoff  tanks,  by  effecting  a  removal  of  60  per  cent  of  the  so* 
pended  soUds,  30  per  cent  of  the  oxygen  consumed,  and  40  per  cm 
of  the  oxygen  demand  constituents,  satisfactorily  prepared  the  oewm 
for  the  oxidizing  dbtion  of  the  trickling  filters. 

The  effluents  from  the  trickling  filters  and  that  from  the  secondtf] 
sedimentation  tanks  both  showed  a  very  high  stabiUty  based  npci 
the  methylene  blue  test.  Dissolved  oxygen  was  present  in  compai* 
tively  large  amoimts  in  the  secondary  sedimentation  tank  efflaeofc 
The  suspended  soUds  from  these  tanks  were  higher  than  from  M 
filters,  but  this  is  of  no  significance,  since  the  solids  in  the  effltMil 
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depend  upon  the  frequency  with  which  sludge  is  removed  from  these 
t^nks. 

Town  Branch,  the  receiving  body  of  water,  is  not  sufficiently  large 
to  afford  a  very  high  dilution  of  the  plant  effluent  it  receives.  In 
addition,  above  the  treatment  plant  an  oil  refinery  discharges  a 
smaD  amount  of  waste,  so  that  at  point  of  entrance  the  sewage  had 
on  the  day  of  inspection  a  better  physical  appearance  than  the  water 
in  the  stream.  Even  under  these  imfavorable  conditions  the  stream 
is  q>parently  capable  of  caring  for  the  sewage  without  creating  any 
nuisance.  Even  should  trouble  arise,  the  oil  waste  should  be  elimi- 
nated before  placing  blame  on  the  sewage-treatment  plant,  which 
seems  to  be  producing  an  effluent  satisfactory  for  disoosal  by  the 
available  dilution. 

The  initial  cost  involved  in  putting  the  treatment  plant  in  opera- 
tion was  S241,100.  Of  this  $39,500  was  expended  in  the  construction 
of  the  outfall  sewer  from  the  city  sewer  system  to  the  treatment 
plant,  leaving  $211,600  for  the  treatment  plant  proper.  As  the  bids 
were  submitted  and  payment  made  on  a  unit  basis  with  but  few 
lump-sum  items,  it  is  not  possible  to  separate  the  total  cost  into  the 
various  treatment  devices. 

Since  the  original  installation  $5,062  have  been  expended  in  modi- 
fications, improvements,  enlargements,  or  additional  work.  A  little 
over  $4,000  of  this  was  spent  on  the  grounds  for  grading,  roadways, 
and  walks. 

For  maintenance  and  operation  $6,600  was  appropriated  for  1920. 
Oat  of  this  the  superintendent  in  charge  of  operation  receives  $1,800 
and  the  chemist,  part  time,  $900.  The  only  other  regular  employee 
is  the  night  watchman.  From  time  to  time  special  labor  is  employed 
•8  needed.  It  should  be  noted  that  the  common  laborers,  of  which 
there  are  r^ularly  two,  are  not  entered  as  an  expense  against  the 
plant.  These  two  laborers,  and  occasionally  two  more,  are  city 
prisoners  farmed  out  to  the  county  authorities  imder  an  agreem^it 
by  which  the  sewage-treatment  plant  is  entitled  to  four  laborers. 
Because  of  this  arrangement  the  appropriation  of  $6,600  is  too  low 
to  be  used  in  comparisons  with  operating  cost  data  at  other  plants. 

By  the  accounting  system  used  by  the  city  interest  on  bonds 
issued  for  construction  of  the  outfall  sewer  and  treatment  plant  is 
not  chained  back  annually  as  against  these  improvements.  Nor  is 
any  allowance  made  for  depreciation.  All  clerical  work  in  connec- 
tion with  the  plant  is  done  in  the  engineer's  and  auditor's  office  by 
their  departmental  deite,  and  no  chaige  is  made  against  the  plant 
for  this  service. 
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IX.  READING;  Pa. 

The  engineering  survey  of  the  sewage-treatment  plant  at  Beadhig, 
Pa.,  was  made  July  14  to  17,  1920.  The  laboratory  studies  followed 
about  a  month  later,  August  6  to  16. 

Reading  is  a  city  of  1 14,000  population  located  in  the  southeasten 
part  of  Pennsylvania  on  the  Schuylkill  River.  It  is  an  indastrial 
center  with  a  wide  range  of  industries,  including  soap  works,  dye 
works,  tanneries,  paper  mills,  hat  factories,  breweries,  and  metal- 
work  plants. 

The  sewerage  system  of  Reading  is  built  on  the  separate  plan. 
There  are  no  definite  data  on  the  amount  of  infiltration  and  leakage 
of  storm  and  groimd  water  into  the  sanitary  sewers,  but  it  is  locally 
considered  to  be  an  average  amount  for  sewers  of  this  type.  Hiere 
are  no  storm  overflows  on  the  system  and  the  variation  in  pumpage 
does  not  indicate  any  excessive  infiltration. 

All  sewers  lead  to  the  pumping  station  where  the  sewage  is 
screened,  as  described  in  detail  in  Appendix  I,  and  is  pumped  hy  2 
R.  D.  Wood  horizontal  centrifugal  pumps  of  6  and  8  m.  g.  d.  capacity, 
direct  connected  to  100  and  150  horsepower  Westinghouse  motors. 

The  gradients  are  stated  to  be  very  satisfactory,  averaging  about 
0.75  per  cent. 

Cleaning  is  done  entirely  oy  hose  flushing  from  fire  hydrants. 
There  is  no  regular  schedule,  and  sewers  are  flushed  whenever  there 
is  evidence  of  their  needing  it. 

The  total  mileage  of  sewers  is  150,  of  which  about  70  axe  house 
connections.  The  following  table  divides  this  into  the  various 
sizes.     Note  is  made  that  the  5-inch  lines  are  all  house  connections. 

Linear  feet  Linear  M 

6-inch 314,248  IS-inch »,2M 

e-inch 854  18-mch 6,840 

8-inch .-       9,  665  20-inch 1, 186 

10-inch - 402,467  24-inch 6>26< 

12-inch- 41,762  644nch 2.862 

The  city  plumbing  inspector  estimated  a  total  of  11,889  connec- 
tions to  the  sewers,  and  the  city  officials  estimated  the  contributisg 
population  to  be  60,000. 

The  raw  sewage  is  primarily  a  domestic  sewage  from  separate 
sewers  into  which  an  average  amoimt  of  infiltration  enters.  Its 
character  is  also  altered  more  or  less  by  industrial  wastee.  As 
the  maximum  travel  in  the  sewers  to  the  pumping  station  is  2  to 
2^  nules,  and  the  time  of  passage  from  the  pumps  to  the  septic 
tank  at  the  treatment  plant  is  40  minutes,  the  sewage  is  received 
at  this  plant  in  a  fresh  condition. 

Quite  a  variety  of  industrial  wastes  is  tributary  to  the  seweis. 
Dye  waters  often  change  the  normal  dirty  brown  color  to  a  dark 
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bhe  or  red  or  other  colors.  Felt  from  a  hat  factory  and  some  hair 
from  a  mattress  plant  were  noticeable  in  the  deposit  in  the  trickling 
filters.  There  are  also  discharged  into  the  sewers  tanning  wastes, 
sp^t  metal,  pickling  liquors,  and  laundry  wastes.  One  very  trouble- 
some waste,  the  source  of  which  is  not  known,  is  received  at  the 
pumping  station  at  irregular  intervals.  It  consists  of  large  quantities 
of  a  heavy  dark  grease.  At  times  as  much  as  3  barrels  of  this  waste 
has  been  taken  out  in  one  night.  It  is  particularly  hard  to  remove 
from  the  screens,  and  in  its  emulsified  state  difficult  to  bum  with 
the  screenings. 

The  average  sewage  flow  treated  at  the  plant  during  1918  was 
6.04  m.  g.  d.  Variations  were  estimated  as  being  a  million  gallons 
either  way  or  from  5  to  7  m.  g.  d.  Th^re  were  stoppages  of  treatment 
for  20  days  during  the  year,  and  there  is  a  wastage  during  high 
flows.  The  amount  of  this  is  not  known,  but,  though  probably  a 
relatively  small  percentage  of  the  total  if  taken  over  the  year,  it  was 
soffident  to  produce  objectionable  conditions  at  its  point  of  dis- 
diiarge  on  the  day  of  inspection. 

The  original  plans  of  the  treatment  plant  were  prepared  by 
Messrs.  Hering  &  Fuller  and  Mr.  Weand,  who  also  designed  the 
second  and  third  filters  constructed.  Mr.  Ulrich,  the  present  city 
ecgineer,  designed  the  last  filter  installed. 

Sewage  treatment  at  Reading  dates  back  to  1895,  but  the  start 
of  the  present  plant  was  made  in  1907,  when  Mr.  O.  M.  Weand, 
who  was  given  a  five-year  contract  for  treating  the  city's  sewagei 
3tarted  oonstruction.  The  plant  then  consisted  of  a  Weand  screen  or 
segregator,  followed  by  a  septic  tank,  a  trickling  filter,  and  secondary 
sedimentation.  Since  then  three  new  fiilter  units  have  been  added, 
one  each,  in  1909,  1911,  and  1915,  each  with  a  secondary  sedimenta- 
tioa  tank.  Hie  Weand  screen  has  b'een  abandoned  and  replaced 
by  a  stationary  horizontal  plate  screen. 

Hie  city  sewers  discharge  into  one  of  two  circular  wells,  in  which 
a  false  bottom  is  formed  by  a  plate  screen  with  ^-inch  holes  on 
2-inch  centers.  Below  the  screen  is  a  shallow  sump  in  which  a  little 
oi  the  heavier  grit  is  deposited.  The  screenings  are  pressed  and 
homed. 

The  screened  sewage  is  then  pumped  to  a  septic  tank  through 
a  force  main  of  6,600  feet.  The  effluent  from  the  septic  tank  flows 
by  a  gravity-pressure  line  tjirough  an  inverted  siphon  imder  a 
branch  of  the  Schuylkill  River  to  Fritz's  Island,  where  the  trickling 
filters,  four  1-acre  units,  and  the  secondary  sedimentation  tanks  are 
bcated.  The  effluent  from  the  secondary  sedimentation  tanks  goes 
direct  to  the  river. 
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The  results  of  the  chemical  analyses  made  at  tha  plant  ai«  eon* 
tained  in  the  following  table: 

Tablb  No.  39. — Reatdta  of  chemical  ancdyaea  at  the  Beading  (Pci,)  9ewag&4reaimeiit 
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[ReBults  in  parts  per  million,  except  as  noted] 
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1  Tr.indicateslessthanO.lc.c.  per  liter. 

>  Effluent  from  septic  tank  (Aug.  6  to  12  ind.) . 

*  10  per  cent  concentration. 


*  20  per  cent  concentration. 

*  40  per  oent  oonoentratiott. 
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Sudge  and  scum  from  the  septic  tank  are  run  onto  a  large  area, 
djacent  to  the  tank,  which  is  cleaned  once  a  year.  The  sludge 
rom  the  secondary  tanks  is  appUed  to  land  on  Fritz's  Island.  There 
re  no  specially  prepared  sludge  beds. 

The  present  sewage  flow  taxes  the  siphon  line  from  the  septic  tank 
0  Fritz's  Island  to  its  utmost.  There  is,  moreover,  frequently  some 
xcess  which  this  line  can  not  carry  and  which  overflows  the  tank 
irect  into  the  river. 

The  entire  flow  of  sewage  can  be  by-passed  at  the  pumping 
fcation  to  the  canal.  At  such  times  a  small  dose  of  hypochlorite 
r  lime  is  added.  As  operated,  this  attempt  at  sterilization  is  of 
tUe  or  no  value.  This  by-pass  is  used  when  work  is  being  done 
n  the  septic  tank  or  filters.  After  passing  the  tank,  the  fiilters 
an  be  by-passed  into  the  river  through  a  blow-off  on  the  connect- 
igline. 

There  is  a  laboratory  and  administration  building  on  Fritz's 
lUnd,  but  its  use  as  a  laboratory  has  been  abandoned  and  all  such 
r>A  is  done  in  the  board  of  health  laboratory  in  the  city  hall,  the 
iionist  only  occasionally  visiting  the  plant. 

Hie  regular  personnel  at  the  plant  consists  of  3  men  covering 
le  24  hours  on  8-hour  shifts,  so  that  ordinarily  there  is  only  one 
lan  on  duty  at  a  time.  When  needed  for  special  jobs,  such  as 
leaning  the  secondary  sedimentation  tanks,  an  extra  man  or  two 

provided,  but  the  force  at  all  times  is  totally  inadequate. 

The  condition  of  the  grounds  reflects  the  lack  of  labor.  They  have 
te  appearance  of  being  semiabandoned  after  a  start  was  made  to 
irk  and  plant.  Mud  deposited  by  high  water  in  the  river  in  the 
)ring  of  the  year  has  been  only  partially  removed.  Considering 
le  working  force  available,  however,  it  is  surprising  that  the  con- 
itions  are  not  worse  than  they  are. 
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The  results  of  the  chemical  analyses  made  at  this  plant  are  con- 
tained in  the  following  table: 

Tablb  No.  39. — ReatdU  of  chemical  ancdyaea  at  the  Beading  {Pa.)  »ewage4rea^menli 

plant 

[Results  in  parts  per  million,  except  as  noted] 


244ionr 

sample 

ending 

8  a.m.— 


Biochemical  oxygen  demand  at 

Dissolved 

Hours  to  reduce  M .  B . 

Nitrogen  tf 

W±0. 

oxygen 

ataO°i:0. 

DitratM 

944kmr 

sample 

endmg 

8  a.  m.— 

Raw 

Efflu- 
ent 

septic 
tank 

Efflu- 
ent 

trick- 
ling 

Alter 

Efflu- 
ent 
second- 

8e5^- 

menta- 

tion 

Efflu- 
ent 

Efflu- 
ent 
sec- 
ond- 

Raw 

Ef- 
flu- 
ent 
Beptio 
tank 

Ef- 
flu- 
ent 
trick- 
ling 
fil- 

Ef- 
flu- 
ent 
•eo- 

end* 

sedi- 
men- 

Ef- 
flu- 
ent 

Bf- 
Bn- 
«nt 

ond* 

tank 

trick- 
ling 

se^^- 

ter 

tiOD 

trick- 
lins 

^ 

filter 

men- 
tation 
tank 

tank 

fil- 
ter 

mes- 
ta- 

tioo 

Per  cent  ooneentiilioii 

tank 

1- 
day 

6- 
day 

1- 
day 

6- 
day 

1- 
day 

6- 
day 

1- 
day 

6- 
day 

29 

64 

4.3 

8 

4.2 

10 

80 

100 

100 

Aug.   0.... 

6 

4.7 

4.4 

120+ 

120+ 

•19(H- 

6.8 

ft.i 

7.... 

26 
46 
28 
60 
66 
64 
60 

67 
106 

80 
136 
124 
114 
110 

8.8 
6.3 
8.0 

lao 
lao 

14.0 
11.0 

6 
16 
13 

26 

3.0 
2.8 
2.6 
6.0 
7.5 
4.6 
0.6 

6 
12 

8 
24 
24 
17 
23 

4.4 

4.6 
6.4 
3.1 
3.8 

a6 

4.0 

3.9 

ao 

4.3 

48 
24 
48 
24 
24 
48 
•  72 

120+ 
120+ 

iao+ 

120+ 
120+ 
120+ 

•St 

120+ 

120-- 
12D-- 

7.0      7.1 

8 

l^i      4.f 

0 

6.8)     ft.6 

10..-. 

4.d      A.0 

11 

Hi 
x4 

At 

12 

XO 

13.... 

66 

128 

xt 

14.... 

68 

108 

66 

84 

16.0 

27 

lao 

18 

4.0 

4.1 

•72 

96-- 

8.9     It 
7.S     7.1 

1«.-.. 

4.6 

^i 

448 

48 

48+ 

48+ 

1 

Average.. 

62 

118 

46 

06 

8.6 

20 

6.4 

16 

3.9 

3.7 

4.41     &.1 

1 

1  Tr.indicatesless  than  0.1  c.c.  per  liter. 

>  Effluent  from  septic  tank  (Aug.  6  to  13  inol.) . 

*  10  per  cent  concentration. 


*  20  per  cent  concentration. 

*  40  per  oent  conoentratiaB. 
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Only  three  samples  of  raw  sewage  were  analyzed.  This  was  because 
of  the  difficulty  of  obtaining  and  transporting  them.  The  only 
point  at  which  samples  could  be  obtained  was  at  the  pumping  sta- 
tion, as  the  sewage  enters  the  septic  tank  direct  from  the  force  main 
5  to  6  feet  below  the  surface  of  the  sewage  in  the  tank.  The  pump- 
ing station  is  located  some  2  miles  by  road  from  the  septic  tank.  It 
was  impossible;  ther^ore,  for  the  sample  collectors  to  cover  aU  the 
desirable  sampling  points.  Toward  the  end  of  the  studies,  however, 
arrangements  were  made  with  the  engineer  at  the  pumping  station 
for  the  collection  of  the  three  samples  analyzed. 

Based  on  the  three  samples,  the  raw  sewage  appears  to  be  very 
dose  to  the  average  obtained  on  the  survey.  The  suspended  solids 
are  about  10  per  cent  low,  but  the  oxygen  consumed  and  the  5-day 
oxygen  demand  are  almort  exactly  the  same  as  the  average.  It  is 
believed  tiiat  these  results  are  representative.  In  1918  ihe  average 
for  the  year  for  susp^ided  solids  and  oxygen  consumed  determina- 
tions made  by  the  chemist  at  the  plant  were  130  and  50,  respectively, 
neither  of  which  results  are  far  from  those  discussed  above. 

The  results  of  the  analyses  of  the  effluent  from  the  septic  tank  re- 
quiie  no  special  comment.  They  indicate  a  normal  septic  tank 
eflhient  at  a  time  when  it  is  operating  with  very  little  unloading. 

The  final  effluent  from  the  plant,  as  based  on  the  analyses  made, 
which,  with  the  exception  of  the  nitrates,  are  in  close  agreement  with 
those  made  by  the  local  chemist,  is  entirely  satisfactory  for  disposal 
by  dilation  in  the  Schuylkill  Siver.  The  minimum  river  flow  in  1914, 
when  the  river  was  considered  unusually  low,  was  190  second-feet. 
This  is  sufficient  for  a  dilution  factor  of  17  for  a  very  high  sewage  flow 
of  7  m.  g.  d.  For  a  normal  sewage  flow  the  least  dilution  would  be 
about  20,  with  an  average  dilution  of  probably  25-35.  Even  much 
smaUer  dilutions  would  suffice,  as  the  plant  effluent  is  of  a  good  char- 
acter, with  a  low  suspended  solid  content  of  31  parts  per  million,  a 
5-(lay  oxygen  demand  of  only  15,  for  which  is  available  in  the  sewage 
itdelf  dissolved  oxygen  and  nitrates  and  nitrites  of  3.7  and  5.0  parts 
per  million,  respectively.  Considering  the  very  limited  supervision 
and  attention  to  operation  which  the  small  personnel  can  give,  the 
character  of  the  effluent  is  surprisingly  good. 

Accurate  construction  costs  were  not  obtainable.  The  septic  tank 
was  made  by  remodeling  an  old  double-deck  fflter,  and  this  work, 
together  with  some  of  the  fflter  installation,  was  done  under  a  lump- 
aom  contract,  which  also  included  the  operation  of  the  plant.  The 
city  in  1918  appraised  the  entire  sewage-treatment  system  at  $426,- 
S21.3&  This  figure,  however,  includes  the  pumping  station,  force 
main  to  the  septic  tank,  and  other  items  required  by  purely  local 
conditions. 
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The  budget  estimate  of  the  cost  of  operation  for  1920 

but  this  figure  also  includes  the  pumping  station,  whe 

two-thirds  of  the  total  appropriation  is  spent.    It  is  not 
pute  from  it  the  cost  of  treatment  alone. 


X.  Rochester,  N.  Y- 


PR0P05CD 
l^KUNG   riLT 


PR0P06CD 


At  Rochester,  N.  Y.,  two  plants  were  surveyed  wh  _ 

different  in  design  and  operation  that  it  is  not  possibl 

them  together,  as  was  done  with  the  two  plants  at  Atlan 
Houston,  Tex.     The  sewerage  system  and  raw  sewage 
separate  treatment.    With  the  exception,  therefore,  of 
statement  of  t^e  size  and  character  of  the  city  as  a  wfaol 
ment  plants  wiU  be  taken  up  separately. 

Rochester  is  a  city  of  296,000  population,  located 
western  part  of  New  York  on  Lake  Ontario.    It  is  prim 
trial  city  containing  many  large  plants  engaged  in  the 
of  a  wide  range  of  products.     The  majority  of  these,  ho 
produce  liquid  wastes.    The  residential  sections  are,  for  t 
very  attractive. 

A.   BBIGHTON   SEWAGE  TREATMENT  PLANT 

The  engineering  survey  of  the  Brighton  sewage  tre 
at  Rochester,  N.  Y.,  was  made  June  21  to  23,  1920.     Thi 
studies  followed  one  month  later,  July  16  to  24. 

The  sewerage  system  tributary  to  the  plant  is  of  the 
tary  type,  there  being  very  few,  if  any,  roof  drains 
storm  drains  connected.    Infiltration  is,  however,  co: 
high.     No  exact  data  are  available  r^arding  its  volimie, 
mated  to  run  25  to  50  per  cent  of  the  total  sewage  flow. 

Topography  permits  the  imifonn  use  of  good  grades, 
b^ng  the  flattest  used. 

The  total  mileage  of  sewers  is  20,  divided  as  follows: 


18-inch. 
20-ineh. 
24*inch. 


Linear  feet 

8-inch 83,463 

10-inch 6,  992 

12-mch 3,  910 

15-inch 3,  618 

To  these  there  are  1,215  sanitary  connections,  serving 
population  of  8,000,  or  6.4  persons  per  connection. 

All  flushing  is  done  by  automatic  flush  tanks  which  as 
all  dead  ends  and  at  points  where  the  velocity  of  flo 
sewers  are  running  one-half  full,  is  less  than  five  feet  pef 
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Mention  may  be  made  of  a  small  pmnping  plant  consisting  of  two 
50-gall<Mi  Pacific  Flush  Tank  Co.'s  automatic  ejectors,  which  serve  a 
Tery  small  section  in  the  tributary  area;  in  fact,  only  one  house  was 
connected  to  this  system  at  the  time  of  inspection,  June,  1920. 

There  is  one  overflow  point  on  the  entire  system  of  tributary  sew- 
egBy  and  this  one  is  said  to  operate  but  rarely.  It  is  also  available 
and  can  be  used  as  a  complete  by-pass  around  the  treatment  plant. 

Tlie  raw  sewage  is  strictly  domestic,  with  no  surface  storm  waters 
and  negligible  amount,  if  any,  of  industrial  wastes.  There  is,  how- 
ever, considerable  dilution  by  infiltration,  which,  as  already  stated, 
is  eetiinated  to  amount  to  at  least  25  per  cent  and  probably  50  per 
cent  of  the  entire  flow. 

The  tributary  area  is  comparatively  small,  and  all  within  a  rela- 
tively short  distance  from  the  plant,  so  that  the  sewage  has  not  far 
to  tx&vel.  It  is,  therefore,  quite  fresh.  This  is  indicated  by  the  un- 
broken condition  of  the  suspended  soUds  and  the  odor  typical  of 
fresh  sewage. 

The  volume  of  sewage  is  measured  over  a  trapezoidal  weir  at  the 
outlet  of  the  plant.  There  is  an  indicating  but  not  a  recording  de- 
vice, 80  that  readings  are  taken  three  times  daily,  at  7.30  a.  m., 
12  noon,  and  5  p.  m.  No  readings  are  taken  during  the  night  as 
there  is  no  one  at  the  plant  after  5  p.  m. 

The  average  flow  for  the  year  1918  was  1.02  m.  g.  d.  This  figure 
may  be  in  excess  of  the  actual  amount,  due  to  the  fact  that  it  is 
based  on  the  day  readings  and  fails  to  take  in  the  lower  night  flows. 
Hie  lowest  24-hour  flow  in  1918  was  0.71  m.  g.,  occurring  on  January 
31,  and  the  highest  flow  was  1.76  m.  g.,  occurring  on  February  15. 

The  treatment  jdant  was  designed  by  John  F.  Skinner,  principal 
aasialant  engineer  in  the  city  engineer's  office.  The  plans  were  ap- 
proved by  F.  T.  Elwood,  former  city  engineer,  and  E.  A.  Fisher, 
consulting  engineer,  and  the  general  method  of  disposal  was  passed 
upon  by  Oeoige  C.  Whipple.  Bids  were  received  for  construction 
in  AprQ,  1915,  and  actual  operation  of  the  plant  started  March 
1,  1916. 

The  main  sewer  to  the  plant  discharges  into  a  channel  from  which 
it  was  originally  planned  to  take  sewage  through  one  of  three  parallel 
baffled  grit  chambers.  As  actually  operated,  however,  one  of  the 
original  grit  chambers  has  been  converted  into  a  narrow  inlet  chan- 
nel, which  is  used  most  of  the  time,  with  the  actual  grit  chambers 
in  reeerve  and  ready  to  operate  under  unusual  conditions,  such  as  a 
break  or  washout  in  a  sewer,  when  an  abnormal  amount  of  grit 
might  be  carried  by  the  sewage.  At  the  outlet  end  the  sewage 
passes  under  a  scum  board  onto  an  inclined  bar  screen,  and  from 
there  to  a  discharge  chamber.  From  this  the  sewage  is  discharged 
either  through  a  cast-iron  pipe  to  a  Pelton  water  wheel  located  in 
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the  operating  house,  or  throi:^  a  12-mch  ove^ow  pipe  to  the  opefat- 
ing  house  and  thence  to  the  Imhoff  tanks.  The  grit  chainbeis, 
screens,  etc.,  are  housed  in  an  attractive  tapestry  brick  building. 

All  sewage  is  settled  in  an  Imhoff  tank  which  is  designed  with 
parallel  sides  but  s^Doiciroular  ends.  There  are  inlet  and  outlet  scum 
boards  but  no  other  baffles.  The  inlet  and  outlet  channels  are 
arranged  to  pennit  the  reversing  the  direction  of  flow  through  thid 
tank. 

The  effluent  channel  from  the  Imhoff  tank  carries  the  sewage  to  a 
triangular  siphon  chamber,  which  contains  the  siphons  discharging 
into  the  dosing  tanks  of  the  trickling  filters. 

The  filter  area  is  divided  into  two  units,  each  operated  by  a  sepa- 
rate dosing  tank,  as  mentioned  above.  The  effluent  from  the  filteis 
is  collected  in  two  secondary  sedimentation  tanks,  one  for  eadi  filter, 
from  whidi  the  final  effluent  pipe  carries  the  sewage  to  a  submerged 
outlet  in  the  Irondequoit  River. 

Two  tmderdridned  specially  constructed  sludge  beds  are  located 
just  west  of  the  Imhoff  tanks.  These  have  not,  however,  been  used 
for  the  past  two  years,  as  it  has  been  found  more  advantageous  to 
dispose  of  sludge  in  a  low  lagoon  about  500  feet  north  of  the  tank, 
but  well  concealed  from  the  plant  by  trees  and  other  growth. 

There  are  no  laboratory  facilities  located  at  the  plant  itself.  M 
such  work  is  done  at  the  other  sewage-treatment  plant.  Here  the 
laboratory  is  very  well  equipped,  but  during  the  past  season  little,  if 
any,  chemical  work  has  been  done.  Three  laborers  maintain  the 
regular  operation  of  the  plant  during  the  day,  there  being  no  one  on 
duty  at  ni^t.  In  addition,  extra  labor  is  furnished  from  time  to 
time  for  handling  sludge,  road  work,  grading,  and  special  jobs. 

Few  plants  are  located  in  such  favorable  natural  surroundings  or 
give  evidence  of  as  careful  and  intelligent  care  of  the  grounds  as  is 
the  case  at  this  plant.  Their  general  appearance  disguises,  even  to 
the  average  prejudiced  mind,  the  real  purpose  of  the  plant  to  sudi 
an  extent  that  they  are  frequently  used  for  picnics. 

The  results  of  the  chemical  analyses  made  at  this  plant  are  con* 
tained  in  the  following  table: 
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Tabui  No.  40. — i2esutt<*  0/  ehemical  arudysiM  at  th€  RocKetter  BHghion  sewage 

treatmerU  plant 

[Besolts  in  puts  per  million,  except  as  noted] 


SuptDded  matter. 


Settleable 
aoUds,  3  hours, 
c.  c.  per  liter  ^ 


Oxygen  con- 
sumed ao'  in 
boiling  water 


AlkaUnitv  as 

CaCOt  by 

M.  O. 


Chlorine  as 
cfaloridee 


«oda< 


m.— 


n. 

18. 

90. 
31. 
». 

at. 

94. 


Biochemical  oxygen  demand  at  90*±  C . 


Raw 


Eillnent 

Imhofl 

tank 


14 

sa 


90      401 
M     143 

231      £8 

M 


22 


28  60 

14  46 

14  40 

23  58 


67 


8, 
8 

10 
8 

31 

6 
12 


11 


20 
34 
86 
33 
73 
40 
83 
34 
34 


36 


Effluent 

trickling 

filter 


3.0 
1.7 
3.1 
XI 
3.3 
X8 
1.6 
3.1 
3.61 


2.6 


7. 
7.3 
6.0 
7.5 


7.0 
7.3 
7.1 


7.1 


Effluent 
secondary 
sedimen- 
tation 
tank 


I 


1.0 
1.5 
1.7 
1.3 
3.6 
1.5 
1.0 
1.3 
ZZ 


46 

5.7 
h.1 
5.0 


6w4| 
4.4 
4.0 
5.0 


L6     6.3  3.7 


Dissolved 
oxygen 


&3 


^   ^       Per  cent  concentration 


H 


8.0 


Hours  to  reduce  M.  B. 
at20*±C 


Nitrogen 
as  nitrates 


Raw 


Ef- 
flu- 
ent 
Im- 
hoff 
tank 


Ef- 
flu- 
ent 
trick- 
ling 
fil- 
ter 


Ef- 
flu- 
ent 


ond- 
ary 
sedi- 
men- 
ta- 
tion 
tank 


30 


130 

48 
•40 

70 

28 
120 
120 
120-1- 

72 


30 


190+ 
72 
172 

102+ 

28 

52 
120+ 
120+ 
130+ 


100 


12(H- 
102+ 
103+ 
102+ 
168+ 
144+ 
120+ 
130+ 
120+ 


100 


120+ 
102+ 
103+ 
102+ 
168+ 
144+ 
120+ 
130+ 
130+ 


3.3 
4.0 
3.0 
1.4 
1.8 
3.3 
3.3 
3.6 


4.3 
4.0 
3.6 

a8 

1.6 
3.6 
3.3 
4.4 


9.8    19 


■  Tr.  todfeates  le«  than  0.1 0.  c. 
•  40  per  cent  eonoentration. 

The  raw  sewage  is  unusually  weak;  probably  due  to  the  large 
percentage  of  infiltration  water  it  contains.  This  dilution  is  par- 
ticalarly  noticeable  in  the  chlorine  content,  which  is  only  about  one- 
lialf  the  next  lowest  value  obtained  in  these  studies.  All  other 
determinations  upon  which  the  concentration  of  a  sewage  may  be 
judged  are  also  low.    With  the  exception  of  the  5-day  oxygen  demand 
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which  is  lower  at  the  Atlanta  plants,  and  equaled  at  San  Marcos,  the 
values  obtained  in  the  other  critical  determinations  are  the  lowest 
found  during  the  survey,  lliat  the  sewage  is  exceptionally  fresh  is 
evidenced  by  the  high  value  of  the  dissolved  oxygen.  This  constit- 
uent too  is  materially  affected  by  the  ground  water  of  infiltration. 

Few  plants  have  as  large  a  margin  of  safety  against  any  possible 
nuisance  from  the  final  effluent  as  has  this  one.  The  character  of  the 
effluent  is  exceptionally  high,  well  above  the  average  found  in  the 
survey,  the  dissolved  oxygen  content  alone  being  over  50  p«r  cent 
higher  than  the  5-day  demand.  There  is  no  danger  of  any  deposition 
of  the  10  parts  per  million  of  suspended  solids. 

In  addition  to  the  character  of  the  effluent  itself,  the  dilution  in  tlie 
Irondequoit  River  is  always  very  high.  The  only  evidence  of  sewage 
entering  the  river  at  the  point  of  discharge  on  the  day  of  inspection 
was  an  agitation  in  the  water  and  the  bulkhead  on  the  shore. 

The  total  cost  of  the  construction  of  the  plant  was  $119,451, 
divided  as  follows: 

A.  Site  with  pipes,  outlet,  etc $28,708 

B.  Screen  house  and  grit  chambers.. 6,164 

C.  Imhoff  tank,  sludge  beds,  and  operating  house 19,  499 

D.  Dosing  device,  trickling  filters,  and  secondary  tanks 57, 819 

E.  Power  development,  electrical  and  mechanical  equipment,  laboratory 

equipment 7,261 

Total - 119,451 

It  is  not  possible  to  compute  from  these  figures  a  fair  cost  per 
million  gallons,  since  much  construction  work  is  completed  for  a 
plant  double  the  capacity  of  the  present  one.  Thus  the  filter  gallery, 
part  of  the  dosing  device,  the  grit  chambers,  screen  house,  and  other 
buildings  have  been  built  complete  for  an  estimated  future  growth 
of  the  plant. 

In  the  1919  annual  report  of  the  engineer  and  chemist  in  chaige 
of  operation  of  the  plant  the  following  summary  of  maintenance  and 
operating  costs  is  made: 

Superintendence $187.50 

Labor 2,565l«) 

Maintenance  supplies,  repairs,  telephone,  water 372L  93 

Total 3,  liaOS 

On  the  basis  of  390  million  gallons  treated  during  that  year,  the 
cost  per  million  gallons  is  $7.90.  In  addition  to  the  above  expendi- 
tures, the  park  department  spent  in  labor  on  the  park  gang  $3,420.30 
This  was  for  the  maintenance  of  the  park  groimds  aroimd  the  troftt- 
ment  plant. 
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B.   IBONDEQUOrr  SEWAGE-TBEATBfENT  PLANT 

The  engineering  survey  of  the  Irondequoit  sewage-treatment  plant 

at  Rochester,  N.  Y.,  was  made  June  17  to  22, 1920.      The  laboratory 
studies  followed  one  month  later,  July  14  to  30. 

The  sewerage  system  tributary  to  the  plant  is  of  the  combined  type. 
It  is  estimated  to  serve  a  population  of  240,000.  Infiltration  is 
estimated  to  amount,  on  an  average,  to  about  2  m.  g.  d.  for  the  entire 
sj^tem. 

Tlie  topography  allows  good  grades  for  the  most  part,  averaging 
0^  per  cent.  The  minimum  is  considered  sufficient  to  insure  self- 
cfetting  velocities,  and  no  direct  flushing  of  any  nature  is  done. 
Data  covering  the  mileage  of  the  various  size  pipes  or  the  mileage  of 
the  entire  system  were  not  available. 

There  are  eight  storm  overflows  on  the  system  which  operate  when 
the  flow  becomes  three  and  one-half  times  the  dry  weather  flow.  The 
dry  flow  accepted  for  the  design  of  the  overflows  was  34  m.  g.  d.  so 
that  the  rate  would  reach  120  m.  g.  d.  before  there  is  any  overflow. 
Snce  the  design  several  of  the  districts  have  built  up  and  the  over- 
flow control  has  been  readjusted  to  allow  for  the  increased  flow. 

To  collect  and  remove  the  grit  in  the  sewers  there  are  installed 
two  sand  catchers.  These  are  ahead  of  the  inverted  siphons  which 
carry  only  one-half  the  total  sewage  JSow.  From  both  of  them  the 
total  removal  in  1919  was  3,189  cubic  feet,  or  an  average  of  9  cubic 
feet  per  day.  With  an  average  flow  of  over  17  m.  g.  d.  during  the 
rear,  the  grit  removed  amounts  to  less  than  0.6  of  a  cubic  foot  per 
nillkMi  gallons,  which  is  only  a  very  small  per  cent  of  the  total  carried 
by  the  sewage. 

The  raw  sewage  received  at  the  treatment  plant  is  of  the  combined 
i^ype.  There  is  a  considerable  period  of  travel  in  the  sewers,  and  the 
lewage  reaches  the  plant  in  a  stale  condition.  The  suspended  solids 
Lfe  pretty  well  broken  up  and  water-soaked.  Matches  and  small 
iticks  were  observed  floating  on  the  surface  and  pieces  of  paper,  fecal 
natter,  fruit  and  vegetable  seeds,  and  skins  suspended  in  the  sewage. 

Industrial  wastes  are  practically  n^ligible.  A  small  dye  plant 
uod  a  slaughterhouse  are  connected  to  sewers  tributary  to  the  plant, 
m%  the  waste  is  treated  before  entering  the  sewers.  The  dye-plant 
rastea  at  times  in^)art  a  distinct  color  to  the  sewage,  but,  so  far  as 
iscertainable,  do  not  affect  the  treatment  processes. 

The  average  dry-weather  flow  is  32  to  33  m.  g.  d.  and  the  maximmn 
low  at  the  plant  for  any  one  day  from  January,  1918,  to  April,  1920, 
•oth  inclusive,  was  59.64  m.  g.  The  maximum  rate  of  flow  has  been 
ver  150  m.  g.  d.  This  exceeds  the  original  design,  but  is  due  to 
djttstmente  of  the  r^ulating  devices  to  control  increased  dry  flows. 
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The  plant,  situated  on  Lake  Ontario,  servea  all  the  city  exc^t « 
relativdj  small  section  tributary  to  the  Brighton  plant,  and  also  the 
Charlotte,  Skunk  Hollow,  and  Maplewood  territories  to  the  north 
and  west. 

The  sewage  is  measured  on  entering  the  plant  by  a  recording 
Venturi  meter.  The  first  treatment  device  consists  of  coarse  bar 
screens  with  3-inch  clear  openings  at  the  entrance  to  the  grit  cham- 
bers. Six  of  these  are  in  place,  but  only  four  used  to  any  extent,  the 
other  two  being  available  for  by-passing  around  the  fine  screens 
which  follow  the  grit  chambers.  The  grit  chamber  installation  is 
sufficient  for  future  growth  of  the  plant  to  double  its  present  capacity. 
A  traveling  *' A"  crane  derrick  excavator  with  a  dam-shell  bucket  b 
used  for  cleaning.  Grit  is  removed  without  draining  the  chambers  and, 
during  the  winter,  without  interference  with  continuous  operation. 

From  the  grit  chambers  the  sewage  passes  to  Eiensch-Wurl  screois 
12  feet  in  diameter.  There  are  four  of  these  in  place,  each  served  by 
a  separate  grit  chamber  as  influent  channel.  Th^e  screens  are 
housed  in  a  large  attractive  brick  building  which  also  contains  the 
workshop,  laboratory,  toilets,  etc. 

From  the  screens  the  sewage  enters  the  influent  channels  of  the 
Tmhoff  tanks,  of  which  there  are  ten  arranged  in  five  units  of  two 
each.  These  tanks  are  rectangular,  of  the  double  flow  chamber, 
reversible  type,  and  of  extra  large  sludge  capacity. 

The  effluent  from  the  tanks  is  either  nm  through  a  hydroelectric 
plant  or  discharged  direct  into  the  lake  through  a  submerged  outlet 
7,000  feet  offshore. 

Adequate  sludge  beds  are  located  adjacent  to  the  Imhoff  tanks. 
These  are  cleaned  by  hand  into  the  bodies  of  small  cars  which  are 
lifted  from  their  trucks  and  placed  on  the  bed  by  a  gantry  crane. 
When  full  the  crane  replaces  them  on  their  trucks  and  they  are 
hauled  by  an  electric  engine  to  the  dump. 

The  arrangement  of  the  plant  is  such  that  the  Riensch-Wmi 
screens  and  the  Imhoff  tanks  can  be  by-passed. 

Laboratory  facilities  are  exceptionally  good,  and  the  equipment  is 
adequate.  At  the  time  of  inspection,  however,  no  laboratory  work 
was  being  done.  ^This  laboratory  serves  the  Brighton  sewage  treat- 
ment plant  also. 

The  persoimel,  in  addition  to  the  chemist,  consists  of  a  chief  engi- 
neer in  charge  of  the  operation  of  the  plant,  an  engineer,  two  tank 
operators,  rdief  man,  mechanic,  electrician,  labor  foreman,  and  17 
laborers. 

The  appearance  of  the  plant  is  very  attractive.  The  groimds  are 
kept  clean  and,  while  no  extensive  parking  or  planting  has  be^ 
done,  the  location  of  the  plant  and  its  natural  surroundings  are  such 
as  to  make  a  favorable  impression. 
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The  Feeults  of  the  chemical  analyses  made  at  this  plant  are  ea^ 
tained  in  the  following  table: 

Table  No.  41. — ResidU  of  chemical  analyses  at  the  Rochester  Irondequoit  Bewege- 

treatment  plant 

[Resolts  in  parts  per  miUion,  except  as  noted] 


34-1ioiir  sample  end- 
ing  8  a.  m.— 


July  14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
27. 
28. 
29. 


Average. 


Suspended 
matter 


I 


128 
100 
104 
104 
164 
330 
110 
102 
364 
144 
378 
287 
197 
133 
143 


188 


164 
194 
126 
94 
202 
372 
112 
124 
880 
124 
310 
283 
204 
134 
146 


198 


110 
136 
94 
82 
88 
134 
110 
120 
144 
100 
139 
146 
138 
132 
109 


119 


1 


37 
39 
60 
65 
34 
20 
68 
42 
63 
44 
48 
110 
60 
44 
67 


Settleable 
solids,  2 

boors,  c.  0. 
per  liter 


I 


60 


2.0 
2.0 
2.6 
1.0 
3.0 
4.6 
.8 
1.6 
8.2 
1.6 
2.0 
1.1 
2.0 
2.0 
2.0 


2.1 


2.0 
2.6 
Zl 
1.6 
3.0 
4.6 
1.6 
1.6 
3.6 
1.6 
Z6 
1.4 
2.0 
2.2 
2.2 


2.3 


a4 

.7 

1.0 

.1 

1,6 

.1 

1.2 

.6 

1.1 

.1 

.4 

.1 

.7 

1.0 

1.1 


.7 


Oxygen 
oonsomed 
30'  in  boil- 
ing water 


^ 


29 
49 
36 
36 
60 
60 
41 
36 
40 
32 
41 
23 
41 
39 
39 


39 


88 
48 
84 
33 
61 
68 
44 
48 
47 
44 
61 
36 
42 
36 
46 


44 


24 
44 

83 
34 

42 
38 
39 
36 
28 
33 
39 
27 
32 
31 
42 


Alkalinity 
BsCaCOi 
by  M.  O. 


I 


36 


184 
174 
184 
180 
190 
140 
184 
184 
160 
176 
146 
176 
184 
176 
186 


176 


180 
174 
180 
180 
180 
160 
184 
188 
160 
172 
148 
176 
184 
174 
188 


175 


it 

h 

28 
8 


192 
184 
204 
200 

180 
180 
188 
196 
180 
196 
168 
196 
196 
188 
198 


190 


40 
84 
27 
21 
66 
60 
35 
80 
84 
21 


26 
81 


84 


Cblorioia 
dikrite 


88 
84 
00 
84 
90 
65 
86 
88 
80 
80 
76 
80 
80 
75 
84 


98 

W 

to 

85 

95 
70 
86 
90 

78 
80 
75 
82 
80 
75 
82 


II 

» 
B 
10 
75 
» 
« 
IS 
II 

M 


92 


24-boiir  sam- 
ple ending 
8  a.  m. — 


July  14-... 
16—.. 
16...- 
17.—. 
18—. 
19.—. 
20..-. 
21.... 
22.... 
28.... 
24-_.. 
26-—. 
27-... 
28.... 
29.-.. 


Average. 


Biocbemical  oxygen  demand  at  20^±C. 


Raw 


1-day 


45 


6Kiay 


45 

106 

52 

76 

48 

116 

44 

108 

60 

36 

160 

40 

120 

56 

96 

48 

92 

44 

96 

40 

76 

24 

52 

48 

156 

104 


Efflnent 

screens 

(R.-W.) « 


1-day 


66 
44 
28 
44 
56 
36 
40 
56 
32 
44 
40 
16 
48 


42 


5-day 


120 

92 

140 

104 

140 

104 

100 

108 

100 

84 

72 

44 

96 


100 


Effluent 

Imboff 

tank 


1-day 


32 
36 
36 
36 
40 
16 
28 
28 
24 
36 
28 
12 
36 


30 


6-day 


76 
80 
80 
76 
108 
76 
96 
80 
44 
64 
64 
36 
76 


74 


Dis- 

sotved 

oxygen. 

raw 


ao 

t.6 

U9 

.0 

.0 

.4 

.0 

.0 

.0 

L6 

.0 

2.2 

4.4 

.0 

.0 


.9 


Hours  to  reduce  M.  B.  at  SO'^C- 


Raw 


Efflnent 

screens 

(R.-W.) » 


Effliuflt 
Imhrf 

tSBk 


Per  cent  oanoentratioo 


10 


120 
96 

120-1- 


72 
120 

96 
120-1- 
72 
72 
96-h 
48 


20 


n20-h 
73 
96 
48 
48 
47 
23 
94 


10 


120-i- 

120 

120-H 


144+ 

IX 

120 

120-f- 

120-1- 
96-1- 
96-1- 
48 


20 


48 
48 
47 
28 


10      « 


130+ 

120+   TJ 
IKH-   n 


>^inch  screen  used  July  14-18,  inclusive;  H-incb,  July  19-23.  inclusive;  A-im^  July  24-20.  iodoHV' 
*  H-incb  screen  used  Julv  14-18  inclusive;  y^inch,  July  19-23  inclusive;  ^-inch,  July  24-39  inobii^ 
*6  per  cent  concentration. 

"The  raw  sewage  is  about  the  average  of  those  studied  on  tte 
survey.     The  suspended  solids  are  a  little  high,  but  the  ox^ 
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lonsmned  slightly  lower  than  the  average.  The  presence  of  dissolved 
)xygen  in  six  of  the  nine  samples  analyzed,  and  in  several  of  these 
samples  in  fairly  large  amounts,  seems  to  contradict  the  statement 
;>reYiou8ly  made  that  the  sewage  was  stale.  The  statement  ref eired 
[o  normal  dry  weather  flow,  and  not  to  conditions  of  storm  flow,  which 
lixtsted  at  &e  time  the  samples  showing  the  dissolved  oxygen  were 
taken. 

The  interesting  feature  of  this  plant  and  the  primary  reason  for  its 
selection  for  study  were  the  Riensch-Wurl  screens.  These  are  dis- 
[^ussed  in  considerable  detail  in  another  section  of  this  report,  but  it  is 
>f  interest  at  this  point  to  call  attention  to  the  increase  of  10  parts  per 
million  in  the  suspended  solids  after  passing  the  screens.  Similar 
nesolts  have  been  obtained  elsewhere,  and  it  is  believed  to  be  due  to 
imperfect  methods  of  sampling  and  analysis,  the  coarse  particles 
nrhich  are  removed  by  the  screens  not  being  included  in  a  sample 
taken  for  the  suspended  solids  determination  by  the  Gooch  crucible. 
Comparing  the  results  of  other  determinations  on  the  screen  effluent 
frith  those  for  raw  sewage,  it  is  foimd  that  they  are  almost  identical. 
Prom  the  analyses,  the  action  of  these  screens  as  a  treatment  device 
is  negligible.  For  further  discussion  of  screens,  and  their  efficiency 
as  based  on  the  volume  of  the  screenings  removed,  reference  is  made 
to  page  171. 

At  this  plant  the  final  effluent  is  that  from  the  Imhoff  tanks.  As 
the  ultimate  disposal  is  by  dilution  in  Lake  Ontario  where  the  dilution 
factor  is  tremendous,  the  primary  fimction  of  the  treatment  plant  is 
to  remove  large  floating  particles  that  might  cause  surface  nuisance 
on  the  lake  or  be  washed  ashore  and  create  objectionable  conditions 
there.  As  judged  by  the  analyses  in  the  above  table,  the  efficiency 
of  the  Imhoff  tanks  is  below  normal,  the  removal  of  suspended  solids 
being  only  about  40  per  cent  and  the  settleable  solids  69  per  cent. 
The  solids  are,  however,  of  such  character  that  they  do  not  create 
objectionable  conditions  in  the  lake  or  on  the  shores.  Several 
attempts  have  been  made  to  locate  the  outlet  in  the  lake  with  boats, 
but  they  have  all  been  unsuccessful. 

The  total  cost  of  the  construction  of  the  plant  was  $988,500.  This 
figure,  however,  includes  the  hydroelectric  installation,  which,  while 
introducing  possible  economies  in  operation,  is  not  an  integral  part 
of  the  tj^atment  plant.  The  cost  of  the  outfall  sewer  from  the  city 
to  the  plant  is  not  included  in  the  above  figure. 

The  operation  and  maintenance  cost  for  the  year  1919  are  given  as 
S30,809,  divided  roughly  as  follows: 

Salute $12,519 

liibor 12,066 

Supplies  and  materialfl 6,226 
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XI.  Sak  Maboos,  Tbx. 

The  engineering  survey  of  the  sewage  treatm^it  plant  at  Sas 
Marcos,  Tex.,  was  made  August  25  to  27,  1920.  The  laboratory 
studies  followed  about  two  and  a  half  months  later,  November  3  to  12. 

San  Marcos,  Tex.,  is  a  town  of  about  5,000  population,  located  on 
the  San  Marcos  River  in  the  eastern  part  of  Texas,  between  Austin 
and  San  Antonio.  It  is  primarily  a  trading  point  for  the  surrounding 
agricultural  districts,  there  being  no  industries  of  any  size.  The  State 
normal  school  is  located  here,  and  a  considerable  part  of  the  pop- 
ulation is  c^itered  in  this  institution. 

The  sewage  system  is  entirely  of  the  separate  type,  with  probably 
a  few  roof  drains  illegally  connected. 

Infiltration  and  leakage  factors  were  not  ascertainable.  It  was 
stated  by  Mr.  Wilson,  manager  of  the  UtiUties  Co.,  that  infiltration 
was  probably  not  large,  but  that  there  was  considerable  leakage 
through  manhole  covers.  At  any  rate  very  heavy  storms  effect 
temporary  increase  in  flow. 

No  data  were  obtainable  covering  the  sizes  or  mileage  of  the  sewers 
included  in  the  sewerage  system.  The  grades  were  stated  to  be 
quite  steep,  so  that  very  Uttle  flushing  and  draining  is  necessaiy. 
There  are  23  automatic  flush  tanks  on  the  system. 

The  sewerage  system  as  well  as  the  treatment  plant  is  owned  by 
the  Sewer  Co.  of  San  Marcos,  and  charges  are  made  for  individual 
connections  and  service.  Connection  to  the  sewers,  even  where 
available,  is  not  compulsory.  As  a  result  only  about  one-half  of 
the  population  of  about  5,000  is  estimated  as  served  by  the  sewers 
through  366  connections. 

There  are  no  specially  prepared  overflows  on  the  system,  but  at  the 
entrance  to  the  treatment  plant  the  sewage  passes  through  a  small  box 
which  has,  at  times  of  heavy  rains,  overflowed,  the  sewage  mnning 
over  the  ground  to  the  river  about  20  feet  distant. 

The  raw  sewage  is  typically  domestic,  fresh,  and  diluted  by  some 
ground  water  that  is  constantly  entering  the  sewers  by  infiltration. 
During  wet  weather,  this,  with  the  leakage  through  manhole  covers 
and  a  few  connected  roof  drains,  probably  constitutes  a  fairly  high 
percentage  of  the  total  flow.  There  are  no  industrial  wastes  entering 
the  sewers. 

No  measurements  of  flow  are  made  by  the  local  officials,  but  they 
estimate  it  at  60  gallons  per  capita  per  day  for  a  population  of  2,500. 
During  the  period  covered  by  the  laboratory  studies  a  12-inch  weir 
was  installed  at  the  outlet  of  the  treatment  plant  and  readings  taken 
hourly.  These  measurements  showed  variations  from  168,000  to 
256,000  gallons  per  day,  with  an  average  of  203,000.     This  is  eqmv- 
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EcDt  to  80  gallons  -per  oapitA  for  the  estimated  ooDtributing  popuW 
OB  of  2,500. 

He  sewage-treatmoit  plant  is  located  just  across  the  San  Marcos 
EiT^  and  aboat  one-half  mile  distant  from  the  center  of  the  town. 


no.  3a.~-a«oB*ipiui  oi 


Hie  present  plant  was  designed  by  Ashley  F.  Wilson  and  put  into 
operation  in  1916,  replacing  a  plant  consisting  of  sedimentation  and 
broad  iiTigati(Hi.  At  the  present  time,  the  sedimentation  tank  of  the 
c^  plant  is  embodied  in  the  new  plant. 


110 


SEWAGE  TREATMENT  IN  THE  UNITED  STATES 


The  sewage  first  enters  the  sedimentation  tank  operated  as  a  septic 
tank.  This  is  circular  and  of  large  capacity  in  proportion  to  the  flow. 
The  sewagC;  however,  does  not  flow  across  Uie  tank,  but  leaves  at  a 
point  not  far  from  the  inlet.  This  outlet  is  surroimded  by  a  box 
covered  with  a  galvanized-iron  mesh  screen. 

From  the  septic  tank  the  sewage  passes  to  the  aeration  tank  con- 
sisting of  four  channels  in  series  with  filtros  blocks  for  aerators.  The 
effluent  from  this  tank  goes  to  the  final  sedimentation  tank,  and  thence 
to  the  San  Marcos  River. 

There  is  no  sludge  reaeration  tank,  the  sludge  from  the  final  sedim^- 
tation  tank  passing  directly  back  to  the  inlet  of  the  sewage  aeration 
tank. 

Sludge  disposal  has  presented  little  difficulty.  Two  beds,  12  feet 
square,  are  provided  for  sludge  from  the  activated  sludge  proce^.  In 
addition,  some  adjacent  low-lying  land  has  received  several  appBcA- 
tions  of  sludge.  The  septic  tank  has  been  cleaned  only  once  in  the 
past  three  years,  at  which  time  the  sludge  was  pumped  onto  the  land 
formerly  used  for  broad  irrigation. 

There  are  no  laboratory  facilities  and  no  analytical  work  is  done. 
One  man  gives  part  time  to  the  plant,  visiting  it  once  or  twice  a  day. 
primarily  to  oil  the  motors  and  blowers.  When  there  is  special  work 
to  do,  extra  labor  is  provided. 

No  effort  has  been  made  to  improve  the  grounds;  but  they  are  kept 
dean,  and  there  is  nothing  objectionable  about  the  plant. 

The  results  of  the  chemical  analyses  made  at  this  plant  are  coa< 
tained  in  the  following  table: 

Tablb  No.  42. — Restdts  of  chemical  analyses  at  the  San  Marcos  (Tex,)  sewagt- 

treatment  plant 

[Results  in  parts  per  million,  except  as  noted] 


24-hour  sample 
ending  8  a.  m. — 


Nov.   3. 

4. 

6. 

C. 

7. 

8. 

9. 
10. 
11. 
12. 


Average. 


Suspended  matter 


120 

116 
96 
68 

148 


110 


a 

CO. 


m 


28 
84 
12 
28 
60 


42 


8.0 
.0 
.0 

8.0 
.0 


8.2 


I 


16 
8 
8 

12 

4 


10 


Settleable 
solids,  2 
hours  c.c. 
per  liter.* 


2.0 
2.2 
3.0 
Z6 
2.0 
3.0 
2.5 
2.0 
2.0 
1.6 


2.2 


a 


Tr. 

Tr. 
Tr. 

as 

Tr. 
Tr. 
Tr. 
.3 
Tr. 
Tr. 


Tr. 


Oxygen  con- 
sumed SO'  in 
boiling  water 


I 


46 
34 
40 
20 
31 
25 
26 
23 
18 


20 


a 


I 


24 
18 
18 
17 
17 
10 
17 
20 
12 


I 
1 


s 

a 
e  o 


14.0 
0.2 
7.6 
8.8 
&0 
7.6 

as 

8.8 
6.6 


18    8.5 


AlkaUnitvas 

CaCOi  by 

M.  O. 


I 

(4 


800 
304 
348 
804 
304 


304 
396 
296 
296 


306 


ni 
4^  < 

a* 

m 


816 
316 
324 


304 
812 
306 
804 
306 
813 


311 


l| 

h 


336 
244 
948 
240 
256 
882 
236 


tm 


289 


H 

Bd 
SB 

3  S 
I 


»U 


>18 


Chloriaeaa 
cblorldM 


75 
83 
90 
115 
75 
82 
90 
96 
70 
55 


83 


a 

s 

la 


96 


75 

lift 

07 

ao 

90 

75 
•5 


11 

"3** 

|| 

M 

a- 


m 
m 

9 


• 

m 

75 


>  Tr.  indicates  leas  than  a  1  c.  c. 


>  Composite  of  9  samples. 
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Tabls  No.  42. — BesulU  of  chemicai  arudyHs  at  the  San  Marcos  (Tex.)  aeuHMgO' 

treatment  pfon<---Continued 


cndlnc  8  %.  m.— 


Not.  8. 
ft., 


Biochemical  oxygen  demand 
at  90«  ±  C. 


B«w 


I 


T„.. 


11.— 


36 
M 

80 
86 
86 
36 
36 


Effluent 
septie 
tank 


I 


70 
M 
72 
68 
80 
53 
46 


82  67 


24 
18 
20 
24 
28 
26 
36 


24 


66 
68 
58 
62 
54 
62 
52 


Bfflaent 
final 

sedimen- 
tation 
tank 


I 


57 


3.5 
5.3 
8.3 
3.5 
3.8 
2.7 
2.8 


Dissolved 
oxyfen 


23.0 
22L0 
l&O 
16.0 
18.0 
&4 
6.5 


8.5 


l&O 


PS 


4.0 
8.5 
3.7 
1.0 
1.4 
2.1 
1.7 
L2 
3.3 
6.7 


o 

3 

s 

a 

m 


2.8 


3.1 
4.0 
4.4 
.8 
2.3 
2.0 
1.6 
1.8 
3.2 
4.0 


s 


2L0 


7.1 
7.4 
7.0 
6.7 
7.5 
7.6 
7.1 
7.8 
8.1 
0.2 


Hours  to  reduce 
M.B.at20<*:tO. 


Raw 


Effln 

ent 

septic 

tank 


Efliu- 
ent 
final 
sedl- 
men* 
totionl 
tank 


Per  cent  concen- 
tration. 


10 


7.6 


144 

06 
120 

72 

72 
120+ 

06+ 
72+ 
48+ 
24+ 


10 


144+ 

120+ 

102+ 

168+ 

144+ 

120+ 

06+ 

72+ 

48+ 

24+ 


100 


Nitncena*- 


AnunO" 
nia 


g 


144+ 

120+ 

102+ 

168+ 

144+ 

120+ 

06+ 

73+ 

48+ 

34+ 


18 
18 
16 
18 
17 
16 
17 
18 
18 
17 


17 


4.8 
4.8 
2.2 
2.8 
4.4 
L4 
3.0 
1.8 
1.2 
L6 


I 


il 


8:8 


0.6 
8.8 
7.2 

14.0 
7.2 
8.0 
6.6 
&0 
8.8 

ILO 


8w8 


Tbe  raw  sewage  was  one  of  the  weakest  found  during  the  survey. 
LeaTing  out  the  Intrenehment  Creek  plant  at  Adanta,  which,  at  the 
time  of  the  tests,  was  receiring  considerable  storm-water  dilutiony 
only  the  sewage  at  the  Brighton  plant  at  Rochester  k  comparable 
vith  that  at  San  Marcos.  These  two  are  ahnost  identical  in  all  the 
analyses  made  except  alkalinity  and  dblorine.  The  differences  in  the 
oitioal  constituents  are  less  than  mi^t  be  expected  in  the  daily 
▼ariatkms  of  any  sewage. 

Tlie  septic  tank,  during  the  period  corered  by  the  analyses,  was 
operating  very  efficiently.  While  the  removal  of  60  per  cent  of  the 
suspended  solids  was  exceeded  at  other  places,  this  is  high  when  the 
total  suspended  solids  in  the  raw  sewage  are  taken  into  consideration. 
The  disposal  of  the  tremendous  accumulation  of  sludge  produced  by 
the  activated  sludge  process  is  one  of  the  difficulties  of  this  process. 
The  removal  of  a  considerable  part  of  it  in  the  form  of  sedimentation- 
tank  sludge  by  sedimentation  before  aeration  appears  to  have  much 
in  its  favor.  It  is  certain  that  sludge  disposal  at  this  plant  presents 
comparatively  littie  difficulty,  but  whether  this  is  due  primarily  to 
the  small  volume  and  weak  character  of  the  sewage  treated  and  to 
the  large  capacity  of  the  septic  tank  in  proportion  to  the  flow  can 
not  be  definitely  stated  in  iixe  absence  of  any  quantitative  sludge  data. 

The  efficiency  of  aeration,  as  judged  by  the  reduction  of  ammonia 
nitrogen,  is  hi^.    During  the  tests  the  sewage  was  receiving  1.76 
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cubic  feet  of  air  per  gaUon.  The  aeration  period  was  oompaied  to 
be  about  three  hours  with  an  average  flow  of  203,000  gallons  pa 
day.  The  ammonia  nitrogen  was  reduced  81  per  cent  as  compira} 
with  90  per  cent  at  the  south  side  plant  at  Houston,  TeK^  wbm 
the  volume  of  air  used  was  about  the  same.  The  two  main  points  of 
difference  between  these  plants  are  the  presettling  at  San  Mait«e 
and  the  reaeration  of  the  sludge  at  Houston.  The  Houston  pliDl^ 
however,  receives  much  more  attention. 

The  final  effluent,  as  judged  by  the  above  analyses,  should  satisty 
the  most  exacting  requirements  of  sewage-plant  effluents.  !}» 
suspended  soUds  are  practically  eliminated,  and  the  available  oxyga 
in  the  form  of  dissolved  oxygen  and  nitrates  and  nitrites  is  men 
than  sufficient  to  satisfy  the  entire  5-day  demand.  It  should  be 
noted  here,  however,  that,  as  it  was  impossible  to  do  any  bactoiih 
logical  work  on  the  survey,  the  question  of  the  necessity  for  bactenil 
removal  could  not  be  induded  in  the  studies.  The  effici«iei»  of 
various  plants  and  the  character  of  the  effluents  had  to  be  judged 
from  the  standpoint  of  potential  physical  pollution  and  nuisaoccs 
in  the  receiving  body  of  water. 

Very  little  cost  data  were  available.  The  plant  was  built  by  the 
San  Marcos  Utilities  Co.  with  their  own  labor  and  the  final  com- 
plete cost  never  computed.  Mr.  J.  E.  Wilson,  the  present  maxugcr 
of  the  company,  estimated  that  the  original  cost  was  about  $4^ 
This  figure  is  for  the  activated  sludge  device  and  does  not  include 
the  septic  tank  which  was  part  ci  the  older  diq>OBai  jdant.  Sinee 
the  plant  has  been  installed  in  1916  there  has  been  spent  about  $300 
in  modifications  and  alterations. 

Maintenance  costs  also  are  not  definitely  known.  It  was  «&- 
mated  that  one  man  receiving  $150  per  montii  gave  about  one^omiii 
of  his  time,  or  $460  per  year,  and  that  the  cost  for  power  was  $600  per 
year.  On  the  basis  of  these  figures,  treatment  is  costing  aboot 
$14.50  per  million,  gallons.  This  would  be  very  high  for  a  Urp 
plant,  but  ccmsidering  the  low  flow  aad  the  character  of  tha  cfflont, 
it  does  not  appear  so  excessive. 

XII.  Shebman,  Tex. 

Tte  engineering  survey  of  the  sewage-treatment  plant  at  Sbft- 
man,  Tex.,  was  made  August  23  to  24,  1920.  The  laboratory  stadief 
followed  three  months  later,  November  17  to  27. 

Sherman,  Tex.,  is  a  town  of  15,000  population,  located  in  the 
eastern  part  of  the  State,  not  far  from  Dallas.  It  is  the  center  for 
a  large  agricultiu*al  district,  and  its  activities  are  centered  largely  a 
serving  this  territory  as  a  collecting  and  distributing  point.  Tfitk 
the  exception  of  flour  mills  there  are  no  industries  of  any  size. 
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The  sewerage  system  eonsists  of  about  23  miles  of  6  to  15  inch 
oanitary  sewers.  There  are  no  storm-water  connections  or  roof 
drainsy  but  infiltration  and  leakage  is  rather  high,  at  some  places 
exeomve.  After  storms  the  flow  in  the  sew^^  becomes  so  large  and 
carries  so  much  grit  that  it  is  necessary  to  by-nass  the  treatment 
plant  entirely. 

Ix>cal  topography  permits  of  adequate  grades,  the  minimum  for 
the  smaller  laterals  being  0.5,  and  for  the  outfall  sewers  0.1  per  cent. 
Ninety  to  mnety-fire  per  c^it  of  the  dead  ends  have  flush  tanks 
connected  to  the  city  water  mains.  These  are  operated  about  once 
every  two  weeks.  Li  addition,  hose  flushing  with  a  jet  nozzle  is 
done  whenever  stoppages  occur. 

Tliere  are  1,850  connections  serving  an  estimated  population  of 
7,500,  about  50  per  cent  of  the  t6iel  of  the  .town.  In  addition,  there 
are  two  night-soil  stations,  the  main  one,  serving  1,840  residences, 
located  within  200  to  300  yards  of  the  plant. 

AU  sewage  is  carried  to  thenlant.  as  there  are  no  overflows  on  the 


The  raw  sewage  is  typically  fresh  domestic.  There  are  no  indus- 
trial wastes  tributary  to  the  sewers  except  a  laundry.  While  there 
are  no  industrial  wastes,  a  large  amount  of  night  soil  is  discharged 
into  the  sewers.  This  frequently  is  received  in  an  almost  unbroken 
condition,  as  the  main  station  is  very  near  the  plant.  A  large 
amoont  of  the  paper  is  caught  on  the  screens,  but  the  sewage  enter- 
ing the  tanks  is  extremely  concentrated  at  times. 

No  measurements  of  the  sewage  flow  are  made  by  the  city.  It 
was  estimated  that  the  flow  was  from  one-half  to  three-fourths 
m.  g.  d.  However,  during  the  period  covered  by  the  laboratory 
tests,  houriy  readings  were  taken  of  the  outlet  weir  to  the  final  tank. 
The  average  for  eight  full  days  was  one-third  m.  g.  d.  A  minimum 
rate  reading  of  0.055  m.  g.  d.  was  obtained  at  5  and  6  a.  m.,  on 
Thanksgiving  morning,  and  a  maximum  rate  reading  of  1.1  m.  g.  d. 
occurred  at  noon  of  a  rainy  day  preceded  by  such  heavy  rains  the 
nigiht  before  that  the  plant  was  by-passed. 

Only  one-haH  the  plant  is  in  operation,  the  other  half,  a  duplicate 
of  the  cme  in  use,  lacks  only  the  air-distribution  system  to  put  it  in 
readiness  for  operation. 

The  sewage  on  entering  the  plant  first  passes  through  the  grit 
cfajimbers.  These  discharge  through  short  channels  into  the  rectan- 
gular aeration  tank  with  filtros  plate  aerators.  This  tank  is  divided 
into  three  channels  in  series. 

The  effluent  from  the  aeration  tank  passes  to  the  sedimentation 
tank  which  adjoins  it,  separated  by  a  common  dividing  wall.  The 
outlet  of  the  sedimentation  tank  is  over  a  weir  to  the  final  effluent 
pipe  to  Town  Branch,  a  tributary  of  the  Red  River. 
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^udge  drawn  from  the  sedimentatioii  tank  is  reaerated  before 
entering  the  aeration  tank.  Excess  sludge  is,  as  a  rule,  allowed  to 
aooumulate  in  the  sedimentation  tank  until  s<Mne  oonvenient  pmod 
of  high  water,  when  it  is  discharged  into  the  stream. ,  The  cmginai 
plans  for  the  plant  included  sludge  diying  beds,  but  these  were 
never  built. 

The  power  plant  is  located  in  a  substantial  building  of  ample  size. 

Thtt'e  are  no  laboratory  facilities  and  no  analytical  work  is  done. 

The  personnel  at  the  plant  consists  of  one  man  who  also  tends  the 
dty  incinerator  located  at  the  sewage  plant.  IVom  time  to  time  a 
laborer  is  given  him  for  special  work. 

No  attention  has  been  given  to  the  grounds  around  the  plant. 

The  results  of  the  chemical  analyses  made  at  this  plant  are  ocm- 
tained  in  the  following  table: 

Table  No.  43. — ResuUa  of  chemical  analyses  at  the  Sherman  (Tex.)  sewage-trmir 

menl  plani 

(Results  in  parts  per  milUon,  except  as  noted] 


BettieaUe 

Oxygen  ooiD- 

Alkattaitras 
CaCOs  by 

Chlorine  as 
chlorides 

Suspended  matter 

solids,  2  hours, 

sumedSO'in 

e.e.  per  liter 

boiUog  water 

M. 

O. 

Ettier 

soluble 
matter 

M-hoor  sample 

ending 

Efflu- 

Efflu- 

Efflu- 

Efflu- 

24- 

8  a.m.— 

ent 

Raw 

ent 

ent 

ent 

bour 

eat 

4 

Raw 

sedi- 
menta- 
tion 
tank 

super- 
na- 
tant 

Raw 

511 

Raw 

sedl- 

ment** 

tion 

tank 

Raw 

sedi- 

menta* 

tion 

tank 

oomp., 
raw 

Raw 

sedi- 
tioo 

Not.  17 

200 

84 

120 

8.0 

87 

22 

400 

400 

86 

170 

135 

18 

280 

68 

100 

6.0 

2.0 

68 

80 

420 

444 

68 

140 

145 

18 

286 

6i 

84 

5.0 

.0 

58 

28 

428 

440 

55 

126 

146 

ao 

820 

144 

80 

7.0 

15.0 

79 

47 

410 

410 

78 

125 

l# 

21 

360 

100 

64 

5.5 

2.5 

58 

28 

436 

432 

66 

130 

110 

» 

152 

60 

72 

2.0 

.8 

48 

28 

4S0 

410 

87 

185 

121 

23 

252 

02 

02 

6.0 

5.0 

68 

28 

440 

440 

76 

110 

105 

24 

224 

68 

64 

4.0 

4.0 

60 

80 

420 

420 

67 

185 

185 

26 

320 

84 

116 

5.0 

.5 

62 

48 

440 

440 

01 

126 

IS 

26 

286 

84 

104 

6.0 

4.0 

88 

48 

420 

420 

26 

125 

125 

27 

144 

62 

44 

1.3 

.1 

80 

18 

320 

820 

43 

85 

85 

Avecage^.... 

264 

76 

85 

5.0 

8.4 

64 

32 

415 

416 

09 

128 

121 

Scole 

o^ 

■^ort. 

99510'— 2.'t.    (Facep.  IH^ 
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No.  43. — R€9tdU  of  chemical  analytia  ai  th€  Sherman  (Tex.)  sewage-treat' 

ment  plant — ^Dontinued 


BiodMinioil  oiym  dflOMiul 

• 

Di88QlV6d 

oxygen 

Honntoro- 

daoeM.B.at 

30»±O. 

Nitroffanaa— 

8  a.m.— 

Bftw 

Effluent 

■edinnoU- 

tiontank 

Raw 

Effla- 
ent 
sedi- 
men- 
tation 
tank 

Raw 

Efflil- 
eat 
final 
sedi- 
men- 
tation 
tank 

Ammonia 

Nt- 

1-<U7 

Ma7 

l-day 

6-<la7 

Raw 

Efflu- 
ent 

sedi- 
menta- 
tion 

tank 

tratei^ 
efflu- 
ent 
sedi- 

Per  oent  oon- 
oentratlon 

men- 

totion 

tank 

10 

100 

KoT.  17 

40 
06 

66 

77 
40 
33 
00 
77 
44 

310 
290 
330 
290 
176 
110 
200 
180 
166 

&2 
ia6 
13.7 

8ao 

1&6 
7.8 
13.7 
16l1 
23w0 

22 
48 

48 

"""88" 

28 
48 
44 

06 

6.2 
.0 

t8 
.0 
.0 

17 

2.4 

a6 

2L2 
16 

17 

&4 
7.6 
&0 
8.1 
6.8 
Oil 
6.0 
&6 
17 
&8 
7.2 

72 
48 
72 
78 
72 
108 
48 
72 
48 
48 
34+ 

120 
48 
48 
34 
48 
73 
48 
34 
34 
34 
34+ 

as 

18; 

30 
83 
34 
38 
38 
36 
80 
80 
83 
18 

86 
86 
30 
34 
86 
16 
86 
36 
34 
32 

LI 

It 

•  6 

n     "' 

.4 
.8 

1.6 
t6 

J4 

1.0 

s 

.8 

y^ 

.9 

n 

16 

Af>g» 

67 

202 

1&2 

40 

3.6 

&2 

86 

23 

1.2 

Tbe  raw  sewage  is  extremely  conceutrated;  one  of  the  rery  strong- 
est found  on  the  survey.  This  was  due  to  the  dumping  of  relatively 
Urge  quantities  of  night  soil  into  the  sewers,  most  of  it  within  a  few 
hundred  feet  of  the  treatment  plant.  With  1,850  sewer  connections 
and  1|840  residences  served  by  night-soil  collection,  the  sewage 
should  be  about  double  an  average  sewage  in  strength.  As  analyzed, 
it  IB  very  nearly  double  the  average  of  the  sewages  studied,  and  it  is 
not  bdieved  that  the  analyses  represent  the  full  strength,  because, 
as  the  ni^t  soil  reaches  the  plant  in  masses  and  at  irregular  intervals, 
it  i»  doubtful  whether  a  proper  proportion  of  this  sewage  was  included 
in  the  cmnpoeite  samples. 

While  the  amount  of  air  used,  4.08  cubic  feet  per  gallon  of  sewage, 
wa0  greatly  in  excess  of  that  used  at  any  of  the  other  activated 
sludge  plants,  the  efficiency  of  the  treatment  as  a  whole  was  relatively 
low.  As  based  on  the  reduction  of  ammonia  nitrogen,  aeration 
effected  very  little  change.  This  plant  was  one  of  the  few  which 
induded  OYidizing  devices  that  did  not  effect  an  appreciable  reduction 
in  the  alkalinity. 

The  suspended  solids  in  the  final  effluent  are  almost  exactly  the  same 
9B  the  average  for  all  types  of  primary  sedimentation  tanks  studied 
on  thiB  survey.  The  oxygen  consumed  is  even  higher.  There  is  a 
greater  reduction  in  oxygen  demand,  the  dissolved  oxygen  is  high, 
and  there  is  some  nitrification;  but,  on  the  basis  of  the  methylene 
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blue  test,  the  avftilable  contained  oxygen  in  all  fonoB  was  in  nearly 
half  the  samples  barely  sufficient  to  satisfy  the  one-Kiay  oxygen  { 
demand. 

The  average  dilution  in  Town  Branch,  the  receiYing  body  of  water, 
is  less  than  one  to  one,  and  in  dry  weather  the  stream  may  dry  up 
altogether.  Not  tiU  the  sewage  reaches  Red  River,  a  distance  by 
stream  of  about  30  miles,  ia  adequate  dilution  assured  at  all  times. 

It  is  quite  probable,  however,  that  the  analyses  tabulated  repre- 
sent unusually  bad  conditions.  A  short  time  previous  to  the  labora- 
tory studies,  a  considerable  amount  of  sludge  had  been  removed,  too 
much,  probably,  so  that  the  condition  of  that  in  ihe  tanks  was  not 
normal.  In  addition  the  sludge  pumps  were  not  operating  properly. 
It  is  certain  that  the  effluent  at  the  time  of  the  engineering  survey 
was  much  better  than  at  the  time  the  analyses  were  made.  The  fact 
that  since  the  installation  of  the  plant  complaints  and  damage  suits 
against  the  city  have  been  dropped  is  evidence  that  the  effluent  is 
not  normally  as  bad  as  the  analyses  indicate.  The  plant  is,  however, 
receiving  but  little  supervision  and  attention,  especially  in  view  of 
the  fact  that  the  sewage,  due  to  the  intermittent  addition  of  ni^t 
soil,  is  particularly  difficult  to  treat  in  a  plant  of  this  type. 

Detailed  costs  of  construction  were  not  obtainable;  only  the  total 
of  $35,000  was  available.  This  figure,  of  course,  includes  that  half 
of  the  plant  which  is  not  in  use. 

The  operating  cost  is  not  exactly  known,  but  the  following  are 
fairly  accurate  estimates.  The  total  was  $3,400  per  year,  made  up  as 
follows: 

Regular  operator $1,  200 

Extra  labor 130 

Supplies - 80 

Power - 2,000 

In  addition  to  running  the  plant,  the  operator  also  tends  the  smaD 
city  refuse  incinerator  which  is  located  at  the  plant.  This  takes  at 
least  half  of  his  time,  if  not  more.  Charging  this  off,  the  total  is 
reduced  to  $2,800  or  $23.33  per  million  gallons  on  the  basis  of  an 
average  daily  flow  of  330,000  gallons.  The  power  cost  is  estimated 
on  the  basis  of  the  current  consumed  by  a  22-horsepower  motor  witi  I 
current  at  13^  cents  per  kilowatt  hour.  i 


CHAPTR  V 

STBUCTUBAL  FEATURES  AND  EFFiaENCIES  OF  THE  TREATMENT 
DETICES  AND  PROCESSES  STUDIED  DURING  THE  SURVEY 

Raw  Sewage 

With  the  exception  of  cities  served  by  strictly  sanitary  sewers,  the 
total  volnme  of  sewage  is  seldom  obtainable.  Storm  overflows  carry 
off  a  part  which  is  almost  never  measured  and  rarely  estimated.  On 
acme  separate  seweis  this  same  condition  exists. 

The  average  normal  or  dry  weather  flow  is,  however,  the  important 
figure  for  use  in  the  design  of  a  sewage  treatment  plant.  Given  this 
value  the  plant  is  designed  to  handle  multiples  of  this  flow,  the  mul- 
tiple factor  generally  being  2  to  3,  and  the  excess  is  passed  aroimd 
the  plant  without  treatment. 

At  13  of  the  plants  visited  it  was  possible  to  obtain  actual  measure- 
meets  of  the  normal  dry-weather  flow.  At  8  plants  it  was  also  pos- 
sible to  obtain  fairly  accurate  information  concerning  the  contribut- 
ing popiilation.  lliese  data  are  presented  in  the  following  table, 
which  also  shows  the  number  of  connections  per  capita,  the  gallons 
per  capita  daily  of  sewage,  and  the  grams  per  capita  daily  of  oxgen 
required  to  stabilize  the  sewage: 

Table  No.  44. — Banc  data  pertaining  to  tewage 
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In  the  above  table  the  population  figures  for  Atlanta,  Houston, 
Rochester  (Brighton),  San  Marcos,  and  Sherman  are  to  be  regarded 
as  rough  estimates.  The  per  capita  values  derived  for  these  pl&ots 
indicate  a  general  tendency  to  overestimate  the  contributing  popuk- 
tion  or  to  underestimate  the  sewage  flow. 

In  estimating  sewerage  and  water  supply  conditions  in  localiti^ 
where  population  data  are  not  available  the  round  number  of  5  per- 
sons per  connection  is  commonly  used.  The  average  from  the  data 
obtained  in  this  survey  is  5.1. 

The  per  capita  contribution  of  sewage  in  the  above  table  varies 
from  44  gallons  per  day  at  Sherman  to  167  at  the  Atlanta-Intrench- 
ment  plant.  The  average  value  derived  from  plants  where  accurate 
population  data  were  available  is  101  gallons  per  capita  daily.  This 
value  is  affected  by  many  factors,  some  of  which  may  have  Uttle 
connection  with  the  normal  domestic  use  of  water.  The  amoimt  of 
infiltration  and  the  general  character  of  the  city,  whether  industml 
or  residential,  are  important  elements  in  determining  the  volume  of 
sewage.  Domestic  sewage  is  also  subject  to  variation  according  to 
the  character  and  density  of  the  population  and  the  sufficiency  of  the 
water  supply,  the  extent  to  which  the  individual  water  services  are 
metered,  and  other  local  factors. 

The  grams  of  oxygen  required  per  capita  daily  to  satisfy  the  5-dar 
oxygen  demand  of  the  sewage  is  given  in  the  last  column  of  Tahle 
No.  44.  The  average  value  derived  is  51.1  grams  per  capita  daily, 
indicating  an  ultimate  oxygen  requirement  of  about  75  grams  of 
oxygen  per  capita  daily  or  60  pounds  per  capita  per  year.  It  is  to 
be  noted  that  this  value  is  somewhat  lower  than  has  been  previously 
assumed. 

In  the  15  plants  studied  the  character  of  the  raw  sewage  varied 
within  wide  limits;  at  some  places,  such  as  Canton  and  Fitchbuig. 
it  was  two  or  three  times  as  strong  as  at  some  others,  such  as  the 
Brighton  plant  at  Rochester  and  the  plant  at  San  Marcos.  Tie 
following  table  summarizes  the  analytical  data  pertaining  to  raw 
sewage: 
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Tabub  No.  45. — Analyaea  1/  raw  mwages  iivdied  during  the  9tarv$y 

[Bemlts  in  pttrti  per  mOlioii  except  as  noted] 
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In  Table  No.  45  the  yarious  plants  are  arranged  according  to  the 
magnitade  of  the  5-day  oxygen  demand,  and  the  values  presented 
Are  averages  in  all  cases.  The  ammonia  nitrogen  determination  was 
made  only  at  the  activated  sludge  plants.  The  table  serves  to  illus- 
trate the  range  of  sewage  strength  studied  during  the  survey.  The 
5-day  oxygen  demand  varied  from  52  at  the  Atlanta  Peachtree 
Creek  plant,  to  213  at  Canton,  the  oxygen  consumed  varied  from 
24  to  65,  and  the  suspended  matter  from  101  to  297  at  Rochester 
CBri^ton)  and  Fitchbiu*g,  respectively. 

The  reason  for  the  strength  of  the  Canton  sewage  is  not  apparent, 
[ndustrial  wastes  have  been  eliminated  from  the  sewers,  and,  at 
the  time  of  the  engineering  survey,  no  night  soil  was  disposed  of 
31  the  sewers.  This  method  of  disposal  was  contemplated,  however, 
uul  may  have  been  started  in  the  interval  between  the  engineering 
mrvey  and  the  laboratory  studies.  At  Sherman  the  strength  of 
the  sewage  is  due  to  the  relatively  large  amount  of  night  soil  entering 
the  aewers.  The  population  is  about  evenly  divided  between  those 
Mmtributing  through  sewer  connections  and  through  night^oil  col- 
ection.  At  Atlanta  heavy  rains  were  encountered  at  the  time 
it  the  survey;  the  indicated  values  for  the  strength  of  the  raw  sewage 
ire  probably  much  too  low. 

Any  attempt  to  estimate  the  relative  strength  of  the  raw  sewages 
i^ould  necessitate  the  weighting  of  the  various  determinations.  In 
he  absence  of  generally  accepted  standards  of  rdative  merit,  the 
tn^ingn  would  be  of  doubtful  value.  If,  however,  we  sdect  as 
Tit^ia  the  5-day  oxygen  demand,  the  oxygen  consumed,  and  the 
luapended  matter,  it  ia  evident  that  these   three  determinations 
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vary  concurrently.  In  this  sense  the  raw  sewages  presented  in 
Table  No.  45  may  be  said  to  be  arranged  in  the  order  of  their  rela- 
tive strengths,  precedence  being  given  to  the  5-day  oxygen  demand 
value.  The  relative  position  of  several  sewages  which  are  of  neariy 
equal  strength  would  be  altered  if  the  oxygen  consumed  or  the 
suspended  matter  were  to  be  selected  as  a  basis  of  reference;  the 
general  sequence,  however,  would  not  be  materially  affected. 

The  average  values  given  are  simple  averages,  no  account  bdng 
taken  of  the  number  of  plants  falling  into  each  group  of  possible 
sewage  strengths.  They  are  accordingly  valid  only  if  it  is  assansBd 
that  the  plants  selected  for  study  were  truly  representative  of  the 
general  distribution,  a  circumstance  whidi  can  not  very  readily  be 
substantiated.  The  values,  however,  appear  to  approximate  very 
closely  to  the  figures  generally  assumed  as  representing  the  strength 
of  the  average  American  sewage. 

It  is  probable  that  few  municipal  sewages  are  weaker  tlian  some 
of  those  studied  during  the  survey.  In  the  absence  of  industrial 
wastes,  the  strongest  sewages  are  also  well  represented.  Where 
industrial  wastes  form  an  appreciable  part  of  the  sewage,  as  at  doy- 
ersville,  N.  Y.,  the  sU'ength  may  be  considerably  greater  tlian  the 
above  table  would  indicate.  Average  analyses  from  other  sourees 
are  given  in  Table  46.  The  values  are  taken  from  a  iaUe  in  the 
1914  report  of  the  Clevdand  sewage-testing  station. 

Table  No.  46. — Analyses  of  raw  sewages  from  other  sources 
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Oril  chambers. — ^At  plants  where  sewage  from  combined  sew< 
systems  or  from  certain  types  of  industries  is  treated,  it  is 
practice  to  provide  means  for  the  removal  of  heavy  inorganic  matt 
such  as  sand,  gravel,  etc.,  before  the  sewage  is  admitted  to  s< 
tation  or  aeration  tanks  for  the  removal  of  oiganic  sc^ds.   If 
over  into  these  tanks,  they  will  cause  considerable  trouble.   In 
mentation  tanks,  sludge  containing  much  grit  is  difficult  and 
times  impossible  to  remove  by  normal  means,  and  the  heavy 
settle  to  the  bottom  and  reduce  the  sludge  storage  capacity  of 
tank. 
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In  activated  sludge  plants,  grit  carried  oVer  to  the  aeration  tanks 
wiU  either  settle  and  lie  over  the  aerators,  reducing  the  efficiency  of 
this  tank,  or  will  necessitate  the  use  of  an  extravagantly  large  amount 
of  air  to  keep  it  in  suspension. 

The  grit  chamber,  or  detritus  tank,  is  the  device  commonly  used 
Co  remove  these  inorganic  solids.  In  principle,  they  are  designed  to 
pass  the  sewage  at  a  rate  sufficiently  low  for  the  deposition  of  the 
bdavicr  inorganic  solids,  but  not  low  enough  for  the  deposition  of  any 
(arge  amount  of  the  organic  putrescible  solids.  At  Cleveland,  Ohio,^ 
'  'It  was  found  that  grit  which  on  the  average  contained  more  than 
15  per  cent  of  volatile  matter  would  be  offensive. "  This  per  c^it 
of  allowable  volatile  matter  will  vary  with  different  sewages,  but  it 
should  be  maintained  low  enough  to  prevent  nuisances  when  used  as 

ft  fin. 

A  Telocity  of  1  foot  per  second  through  the  grit  chambers  and 
detentions  from  one-half  to  one  minute  are  frequently  used  as  nom- 
inal figures.  At  the  Cleveland  tests,  already  quoted,  it  was  found 
that  ''in  general  velocities  of  less  than  25  feet  per  minute  do  not 
produce  the  proper  grade  of  grit  and  in  25-foot  chambers  velocities 
of  60  feet  usually  carried  by  some  material  which  should  have  been 
deposited. "  Based  on  the  tests,  the  grit  chambers  recommended  for 
this  dtj  called  for  detention  periods  of  50  seconds^  with  velocities 
bom  30  to  60  feet  per  minute. 

Metcalf  and  Eddy  state:' 

The  Rochester  experiments  with  a  model  grit  chamber  confirm  the  general 
(led  action  from  available  experimental  information  and  service  experience, 
thai  a  mean  velocity  of  about  1  foot  per  second  is  about  right,  unless  it  is  neces- 
mtj  to  remove  very  fine  and  light  material,  in  which  case  it  may  be  desirable 
to  reduce  the  velocity  and  run  the  risk  of  some  offensive  organic  matter  setting 
with  the  grit. 

In  the  design  of  the  grit  chambers  provision  should  be  madefor 
the  storage  of  deposited  grit.  This  storage  is,  of  course,  dependent 
on  the  amount  of  grit  deposited  and  the  frequency  of  cleaning.  It 
is  impossible  to  give  any  general  figure  for  the  amount  of  grit  removed. 
The  character  of  the  sewage,  the  geology  and  topography  of  the 
vicinity,  condition  of  streets,  tightness  of  sewers,  industries  con- 
tributiiig,  and  other  local  conditions  are  all  important  factors. 
Data  from  many  operating  plants  are  misleading  as  it  is  probable 
that  comparatively  few  grit  chambers  are  operated  at  attainable 
efficiency.  Most  grit  chambers  are  designed  for  a  definite  period  of 
storage  between  cleanings  with  an  estimated  deposition,  and  errors 
in  these  estimates  are  corrected  in  operation  by  chan^ng  the  period 
between  cleaning. 


•Bcpartoatflffiiatsew^itwtiflgftstioii.    Ctoreland,  Ohio,  1914. 
<  AowksD  Scirerase  Praotioe»  Mttcalf  and  Eddy,  Vol.  m,  p.  205. 
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At  most  of  the  plants'  the  grit  chambers  are  cleaned  by  hand  witli 
shovels.  At  the  very  large  plants,  however,  there  are  frequentl; 
installed  grab  buckets,  bucket  conveyors,  or  removable  containers! 
some  of  which  are  used  without  interfering  with  the  normal  opcr&- 
tion  of  the  chamber. 

All  but  two  or  three  of  the  plants  surveyed  had  some  fonn  ol 
grit  chamber,  though  at  several  they  have  been  remodeled,  to  serve 
merely  as  influent  channels.  Others  because  of  infrequent  cleaning 
are  acting  as  grit  chambers  during  only  a  part  of  the  time. 

There  is  so  little  uniformity  in  design  and  operation  of  this  deyio« 
at  different  plants  that  no  attempt  is  made  to  tabulate  structun^ 
details  and  operation  data.  For  such  detail  of  design  and  arrangi^ 
ment,  reference  is  made  to  descriptions  of  the  plants  in  Appendix  L 

No  analytical  work  was  done  to  demonstrate  the  effect  of  grit- 
chionber  treatment.  The  only  service  rendered  by  grit  chamberB  h 
the  removal  of  inorganic  solids,  and  it  has  been  shown  that  this  re- 
moval is  not  of  such  a  nature  or  of  sufficient  amount  to  material!^ 
affect  the  suspended  matter  content  of  the  raw  sewage. 

SEDIMENTATION  TANKS 

Plain  sedimentation  tanks, — The  very  early  sewage-treatmenl 
tanks  were  operated  on  the  plain  sedimentation  principle,  th^  od< 
and  only  fimction  being  to  remove  the  suspended  solids  from  tU 
sewage,  which  when  removed  were  transferred  to  other  tanks  fo 
digestion  or  disposed  of  as  fresh  sludge.  This  removal  of  the  sludg^ 
was  made  at  frequent  intervals,  before  bacterial  decompoaiticm 
progressed  far  enough  to  produce  sufficient  gas  formation  to  lift  th^ 
sludge  to  the  surface  of  the  sewage  in  the  tank.  These  tanks  bad 
as  a  rule,  flat  bottoms  and  were  cleaned  by  draining  off  the  super 
natant  sewage,  removing  the  sludge,  and  flushing  out  the  tank. 

Detention  periods  in  this  type  of  tank  range  from  half  an  hour  U 
six  hours,  longer  periods  being  considered  detrimental,  especialh 
where  the  effluent  is  to  be  further  treated,  as  decomposition  oi 
septization  becomes  well  established  in  the  sewage  if  retained  to<| 
long  in  a  tank.  Theoretically,  if  a  sewage  contains  dissolved  oxvg^ 
when  entering  the  tank,  the  effluent  will  also  contain  it. 

This  type  of  tank  was  studied  only  at  Alliance,  Ohio.  Referent 
is  made  to  the  description  and  discussion  of  this  plant  for  deUil 
connected  with  its  design  and  operation.  No  analyses  were  m^ 
of  the  effluent  of  this  type  alone.  At  Alliance  the  plain  sediments 
tion  tanks  were  operated  in  parallel  with  Imhoff  tanks,  and  the  sample 
of  tank  effluent  analyzed  was  the  combined  effluent  from  both  t; 

Septic  tanks. — This  type  illustrates  the  step  in  the  development  oi 
sedimentation  tanks  following  the  plain  sedimentation  tank.    The 


FIG.  26.— INTERIOR  OF 
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Bui0t  distinctiTe  diff^ence  between  the  two  types  consists  in  the 
tapeiMtionf  whereby  the  sludge,  instead  of  being  removed  at  frequent 
Blervaky  is  allowed  to  remain  in  the  tank  and  imdergo  decomposition. 

In  the  operation  of  septic  tanks,  the  sludge  settling  to  the  bottom 
is  attacked  by  anaerobic  bacteria  which  liquefy  some  of  the  solid9. 
This  k  accompanied  by  the  f<»mation  of  gas  which,  entrained  in  the 
riudget  lifts  it  to  the  surface,  where  it  lies  as  a  heavy  scum  until  the 
gas  is  liberated.  Then  some  of  tiiis  scum  may  resettle  to  the  bottom. 
These  is,  therefore,  sludge  continually  passing  up  and  down  through 
the  sewage  passing  through  the  tank,  some  of  it  washing  away  wiUi 
the  efflueiit. 

As  the  bactenal  action  in  the  sludge  is  anaerobic,  it  was  at  first 
considered  ess^itial  that  the  tank  be  protected  by  an  air-tight  cover. 
Thk  is  no  longer  considered  necessary,  as  it  is  known  that  the  oxygen 
taken  from  the  air  in  contact  with  the  sewage  at  the  surface  of  the 
tank  18  used  up  before  reaching  the  bacterial  workhouse  at  the 
bottom  of  the  tank. 

It  was  claimed  at  first  that  liquefaction  of  the  sludge  amounted  to 
50  per  cent  of  the  solids  settled  in  the  tanks,  and  even  now  it  is 
frequently  claimed,  for  commercial  purposes,  that  this  figure  is  cor- 
rect or  even  low,  manufacturers  of  some  devices  of  this  type  even 
rJaiming  complete  liquefaction.  It  is  now  felt,  however,  that  this 
liquefaction  is  not  more  than  30  per  cent,  and  probably  less.  The 
appar^it  larger  figure  of  50  per  cent  was  due  to  the  fact  that  every 
DOW  and  then  a  large  amount  of  sludge  is  taken  up  by  the  sewage  as 
it  flows  through  the  tank  whik  the  sludge  is  rising  or  falling  ihrou^ 
the  sewage,  and  this  sludge  is  carried  out  with  the  effluent.  This 
phenomenon  is  known  as  '^  unloading." 

The  eflluents  from  septic  tanks  may  be  clear  and  colorless;  may 
kave  a  slight  opalescent  color  due  to  the  presence  of  hydrogen  sul- 
phide, a  product  of  the  decomposition  of  the  sludge;  or,  at  times  of 
imloading,  may  contain  fine  black  sludge  in  sufficient  quantities  to 
give  the  entire  effluoit  a  very  dark  or  black  color. 

Early  in  its  develo{Mnent  the  septic  tank  principle  was  patented. 
There  resulted  from  this  conside^ble  litigation. 

The  effect  of  this  long  litigation  was  to  prevent  in  the  United  States  the  devel- 
opmeot  of  soeh  fayoiable  opinion  of  septic  tanks  as  existed  in  England.  This 
ina  fneritable  when  eonservatiye  engineers  hesitated  to  involve  municipalities 
b  suits  in  the  Federal  courts  and  the  engineers  who  were  not  so  conservative 
WfKt  frequently  restrained  from  risking  such  suitb  by  the  legal  advisers  of  the 
dtto.  A  large  number  oi  tanks  were  probably  built  under  the  name  of  septic 
tanks  from  the  plans  of  persons  without  adequate  knowledge  of  the  princii^es 
of  aewa^e  disposal,  and  the  failure  of  these  to  aecomplish  the  anticipated  results 
lod  the  nuisaooe  caused  by  some  of  the  wont  of  them  did  not  hdp  raise  the 
itatus  ol  this  method  of  treatment.* 

TMotioft.  llatoilfaod1Bddy,VoLm,p.l7. 
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The  development  of  the  Imhoff  tank,  discasBed  elsewhere,  offetBd 
a  relief  from  the  litigation  over  the  septic-tank  piocess,  and  tUi 
type  rapidly  replaced  the  septic  tank*  Hie  Imhoff  tank  also  was 
patented;  but  the  attitude  of  the  inventor  and  promoters  was  saA 
as  to  win  the  approval  instead  of  the  enmity  of  American  engineen. 

With  the  exception  of  very  small  installations  the  septic  tank  b 
very  seldom  found  in  this  oountry,  though  there  are  some  installa- 
tions made  previous  to  the  advent  of  the  Imhoiff  tank.  Many  of 
such  installations  have  been  converted  into  Inhoff  tanks,  as  it 
Columbus,  Ohio,  and  at  oth^s,  as  Beading,  Pa.,  the  c^Scials  in  diarge 
of  the  plants  are  planning  such  conversion. 

Septic  tanks  were  studied  on  this  survey  at  but  two  places,  Read- 
ing, Pa.,  and  San  Marcos,  Tex.  The  tai^  at  these  two  plants  are 
of  such  widely  different  capacity  and  of  such  different  design  tiut 
no  direct  comparison  is  possible*  Reference  is  made  to  the  disca»- 
sions  and  descriptions  of  these  plants  in  the  body  of  this  report  and 
in  Appendix  I. 

Hydrclytic  tanh. — ^This  type  of  tank  was  studied  on  the  survej  at 
Baltimore,  Md.  These  tanks  were  operated  as  plain  sedimentatias 
tanks,  except  that  the  period  between  deanings  was  sufficient  for 
the  formation  of  a  heavy  scum  and  for  initial  digestion  of  sludge. 
Before,  however,  septic  action  has  progressed  sufficiently  to  mate- 
rially injure  the  effluMit,  they  were  completely  cleaned,  the  sludge 
being  pumped  to  separate  tanks  for  digestion. 

A  discussion  and  a  complete  description  of  these  tanks  is  ffvm 
undw  the  Baltimore  survey  and  in  Appendix  I. 

Imhoff  tanks. — The  Imhoff  tank  is,  by  far,  the  predominating 
type  of  primary  sedimentation  tank  used  in  this  country.  Vntii 
tlie  exception  of  the  activated  sludge  plants^  all  but  one  of  the  {danti 
surveyed,  Reading,  Pa.,  use  these  tanks  ^her  exclusively  or  in  cosh 
bination  with  other  types.  The  city  engineer  of  Reading,  jnoreover, 
is  anxious  to  convert  his  septic  tank  into  several  Imhoff  tanks. 
Two  plants,  those  at  Alliance,  Ohio,  and  Baltimore,  Md.,  use  septk 
and  hydrclytic  tanks,  respectively,  in  parallel  with  the  Imhoff  tanks. 

The  Imhoff  tank  is  primarily  a^^ombination  ci  a  plain  sedimenta- 
tion tank  and  a  sludge  digestion  tank.  When  these  two  tanks  an 
operated  as  s^arate  units,  the  settled  solids,  or  sludge,  are  tram- 
f erred  from  the  sedimentation  tank  to  the  sludge  tank  periodicaDj, 
before  septic  action  and  fermentation  has  developed  to  any  extent 
With  the  Imhoff  tanks  this  transfer  is  a  continuous  operation.  H^ 
sedimentation  tank  is  buUt  in  th,e  upper  part  of  the  tank  with  a  bot* 
tom  opening  or  slot  through  whidi  the  solids  drop  from  the  sedt' 
mentation  compartment  into  the  sludge  compartment.  This  dot 
is  built  so  that  one  side  overlaps  the  other,  thus  forming  a  trap  to 
prevent  the  solids,  when  buoyed  up  by  gases  of  deoompoailMif 
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bom  reentering  the  sedimentation  compartment.  They  are  instead 
irreried  to  sections  of  Ihe  tank,  the  gas  vents,  which  are  separate 
from  the  sedimentation  compartment. 

It  is  believed  that  the  various  types  of  Imhoff  tanks  are  well  repre- 
lented  at  the  plants  surveyed.  The  radial  and  longitudinal  flow 
type  as  well  as  the  shallow  and  deep  types  were  studied,  and  most, 
if  not  all,  of  the  different  arrangements  of  gas  vents  were  included. 

In  the  following  table  an  effort  has  been  made  to  tabulate  the 
rarioos  salient  features  of  Imhoff  tank  construction  as  f oimd  at  the 
plants  surveyed. 

Tablb  No.  47. — Sirueiural  features  of  Imhoff  ianks  studied 


not 


Nam- 
berof 
tanks 


3 

21 
80 

3S 
6 
8 
8 
6 
6 
4 
1 

10 


Tank  as  ft  whole 


Shape 


Bectanfolar. 
0) 


Circular. 

Rectangular.. 

do 

do 

do 

.....do 

do 


ilefltancular. 


I/ength 
(toet) 


8&2 
8L8 
81.8 


80.0 
14a  7 
12(L2 
117.7 

oao 

68.0 
62.6 

iiao 


Width 
(feet) 


6a6 
2SlO 
2S.0 


89  feet  diameter 


210 
216 
26.6 
20l6 

aao 

83.0 

aao 

36.0 


Overall 

depth 

Oeet) 


28.6 
26.0 
26lO 
26.8 
22.1 
27.1 
27.1 
27.1 
26.0 
28.7 
87.0 

4ao 


Popo- 
lation 
served 
(tboo- 
sands) 


1 


&26 

*4.20 

•7.60 

8-4 

lao 
ia2 

0.26 

7.00 

8.00 

2100 


VotaimeMwafe 
treated  (m4(.d.) 


Aver- 


a666 
«.714 
»L2 
.866 
.74 

.06 

.76 
«.60 
1.07 
8.21 


Maxi- 


L12 
>.856 
>1.2 


.04 


•2-2H 
•1.26 
1.86 
&01 


Re- 


ible 
How 


Yea. 
Yea. 
Yea. 
No. 
Yea. 
Yea. 
Yea. 
Yea. 
ea. 
Yea. 
Yea. 
Yea. 


Fkal 


Flowofaamher 


Num- 
ber 
pw 
tank 


Shape 


Length 
(ieet) 


Width 
(tet) 


Depth 
to 

IS? 

(teet) 


Depth 
to  apex 
ofdol 

(fB6t) 


board 
(toet) 


Sedi- 
menta- 
tion 
area  ex- 
dnalye 
ofgaa 
vento 
(Ml.ft.) 


Cron 
section 
at  can- 

'1t^ 


Qatraochmant) . 
(Peachtraa) 


^^■iTinnaB 
Cohnnhoa 
CofannhaB 
ntehtan. 


(BlIglltOB)... 

^andeqnott) 


4 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
2 


Rectangular.. 

do 

do 

Circular 

Rectangular.. 

do 

do 

do 

do 

do 


Kectangnlar. 


8&2 
81.8 
81.8 


112 
17.8 

2ao 


80  feet  diameter 


80.0 
146.7 
120l2 
117.7 

oao 

68.0 

oao 
uao 


I 


lao 

1L8 

20lO 
83.0 
210 

lao 


17.2 
7.2 
7.2 
8.6 
7.6 

8.0 

ai 

7.8 
ILO 

ia6 


HI 
118 
118 
18w6 
13.4 

16w7 

16iO 

lao 

2L0 
16.6 


L76 
L26 
L26 
.83 
L6 

LO 

L6 
2.0 
2.0 
6.6 


I 


4M 

608 

622 

073 

800 

1,760 

1,660 

1,660 

a;  186 

a;  060 

1,440 
1,166 


100 
170 
170 


140 
140 
140 


266 
840 
188 


I  CIrcnIar  wttb  flow  chamber  rectangnlar  and  overlapping  the  drcolaralodga  chamber. 

*  Tfarse  tanks  In  aeriea. 

*  Rata,  net  a  2«-hoiir  flow. 


I  Maxteam  storm  rata. 

'  PMilialaklea,  circular  ends. 
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Tabud  No.  ^7.'—3trvetuTalfeahir99  0fImh^tamkM9htdM 


PlADt 


AflUnoB 

Atlanta  (Intrenehmant) . 

Atlanta  (Peacfatrae) 

Baltimore 

Canton. 

Colnmbos  ^attery  A) . . 
Colnmbiia  iBattery  B) . . 
Cohunbof  (Battflry  C).. 

Fitchburg 

Laiington. .............. 

Rochester  (Brighton) . .. . 

Rooheater  <IroBde(nx»it). 


Flowohamber 


Ratio 
width 

to 

length, 

Ito— 


2.0 
1.8 

i.e 


&0 
12.4 

la? 
las 

8.5 

2.1 

2.5 

11.0 


Free 

area  gas 

vents 

ber 
(sq.ft.) 


4A.3 

02.6 

43.7 

213 

115.0 

163.0 

14a  0 

142.0 

438wO 

156.0 

162.0 

4310 


Oas 

of 
sedi- 
menta- 
tion 


(per 
t) 


las 

10.4 
7.0 
13 

110 
0.3 
0.0 
0.1 

2ao 

7.5 
11.2 
28.0 


(thoa- 

sand 

lons) 


sao 

417 
43.5 
63.0 

oao 

118 
lO&O 
100.0 
185.0 
15&0 
153.0 
00.4 


Volome 


isewase 
(nL«.a.) 


ATer- 
•ge 


a  164 

.714 
>1.2 
.M5 
.37 
.48 
.48 
.48 
.76 
«.60 
1.07 
L62 


tnnm 


a280 
.856 

»L2 


.47 


1.86 
106 


Deten- 

tiOB 

Velo©. 

on  total 
disp. 

Ityper 
mittnte 

boon 

(M) 

4.7 

au 

•4.2 

.37 

>16 

.61 

8.8 

.06 

8.0 

.38 

5.9 

.85 

&4 

.78 

&4 

.70 

6.8 

.26 

&3 

.18 

S.4 

.21 

1.0 

L8 

81on 
oTM* 

tOfll 

Its- 


L» 

U 

1% 

It 

Lt 

Lt 

LI 

Li 

L9 

L9 

L8 


Plant 


Alliance. 


Atlanta  (Intrendi- 

ment). 
Atlanta  (Peaohtree) 

Baltimore 

Canton. 

Cdumbns  (Battery 

A). 
Columbas  (Battery 

B). 
Columbas  (Battery 

C). 
Fitchburg 


Lexington 

Rochester  (Brigh- 
ton). 

Rochester  (Iroode- 
qooit). 


Flowohamber 


Clear- 
ance of 

slot 
(inches) 


7 

10 

10 
8 
6 
8 

8 

8 

6 

0 

7 


Overlap 

of  slot 

(inches) 


0 

7 

7 

8 

8 

10 

10 

10 

3 

10 
12 

11 


Scum- 
boards 


Inlet  and 
outlet. 


Outlet... 

Inlet 

Inlet  and 
outlet. 
...do 

...do 

...do 

...do 

...do 

...do 


Baf- 
fles 


No.. 

1 

1 
No.. 
Yes. 
No.. 

No-. 

No.. 

No.. 

^l. 

No.. 


Type 
inlet 


Wefr... 
..do.... 


...do 

...do.... 
Free.- 
Weir... 


...do... 

...do... 

Sluice 
_fates. 

...do— 

...do... 


Type 

OQtM 


Weir., 

...do... 

...do... 
...do... 
...do.. 
...do.. 

...do.. 

...do.. 

...do-. 

...do.. 
...do.. 

...do.. 


Vohmie 

pv 

capita 

dal- 
loos) 


215 

>28l8 

•17.4 
16-21 
110 
1L5 

ia5 
lao 

90.0 

211 

10.1 

&8 


Shape 


Beetangolar. 

Ciicnlar 

do 

do 


do 

do 

do 

do 

do 


(•) 

Rectangular. 


Leofll 


(0 

ail 

o&o 

U40 
W.I 

lai 

&o 
as 

mo 


*  Three  tanks  in  series. 
« Estimated 

•  Parallel  sides,  circular  ends. 


'25  feet  diameter. 
•  23  feet  diameter. 
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Tabx.8  No.  47. — Structuralfeatureaof  I mhoff  tanks  studied 


PIftDt 


lUmu   (Inlrencb- 
LtiBOta  (PitditrM) . . . 


Digestion  chtmber 


Width 
(feet) 


'rtnmlwi  (Bttery  A) . 
*«lDmbQt  (Battery  B). 
^otasbas  (Battery  C) . 
^UeiitMirt 


(Brighton). 


lochester  (Ironde- 
qooit). 


0a» 

(0 

14.0 
14.8 
14.8 
14.8 

sao 
2ao 
sao 

3&0 


Depth- 
slot 

overlap 

to  bot- 
tom 

(feet) 


Nam- 
ber 


18 
ia25 

ia25 
12L26 
7.58 
0.8 
0.8 
0.8 

lao 

11.08 
14.33 

2t25 


Hoppers 


8 
1 

1 
1 
6 
7 
6 
0 
8 
2 
2 


Shape 


Rectangular.. 
Ciroolar. 

.....do.. .....< 

.do....... 

Square 

Rectangnlaf.. 

do 

do 

Sqaare 

Rectangolar... 

H  rectangular, 
^drcolar. 

Nearly  sqaare. 


Least 
slope  of 
bottom 
—  tol 


SLl 
2L0 

2L0 
2.0 
2.6 
2.0 
2.0 
2.0 
2.0 
3.0 
2.6 

ZO 


Length 
(feet) 


Width 
(feet) 


22.0  15.0 

26feetdiamettt 

26  feet  diameter 
28  feet  diameter 


14.0 
18.0 
18.0 
1&6 

aao 

27.0 

aao 

86.75 


14.0 
14.8 
14.8 
14.8 

aao 
2ao 
aao 

36.0 


Depth 


6.0 
a25 

a25 

6.8 

Z76 

4.8 

4.3 

4.3 

7.6 

4.6 

ao 

8.0 


(Ca- 
pacity 
to  over- 
lap of 
slots 
(CO.  ft.) 


Kit  800 
3,0«0 

3,040 
8,600 

7»aoo 

1S»600 
11,700 
11,800 
18,000 
7,700 
17,000 

60,600 


Plant 


(Intrenehaaent) 
jLUMta(PeachtrBe) 

CSanloo.- -IIIIIIIIIIIII 

Cofambof  fflattery  A 
Colombiif  (Battery  B 
CehmUw  (Battery  C 
fttebburg .». 

(BrightoiO- .'i 
(Irondeqaoit) 


Digestion  chamber 


Biseof 
sludge 

(incnes) 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


Head 
over 
sludge 
pipe 
(feet) 


4 

•     OHI 

6 
6 

8-IHl 

4 

4 

4 

Airlift 

6 
6 


Water  lines 


Aroond 
hopper 


Yes.-.- 
Yes.-.. 
Yes.... 

No.— . 
Yes— . 

No 

No 

No 

No 

Yes.... 
Yes.... 
No 


Mouth 
of  out- 
let 


Yes 
Yes 
Yes 
No. 
Yes 
No. 
No. 
No. 
No. 
Yes 
Yes 
No. 


BafllBS 


Yes 
No. 
No. 
No. 
Yes 
Yes 
Yes 
Yes 
No. 
Yes 
Yea 
Yes 


Volume 

per 
capita 
served 
(CO.  ft.) 


1.0 
<2.12 
U.22 
L^.9 
.70 
LSI 
L14 
L16 
L41 
1.1 
Z2i 
Z48 


Volume 

per 
m.g.d. 
te^eated 
(en.  ft.) 


8,000 

*  11;  800 

>7,000 
1^700 
1^700 
14,100 
12,200 
,12,300 
17,000 
11.000 
16,700 
18,400 


Cubic 

feet  per 

p.D.m. 

imment 

per 

m.g.d 


63 

121 
83 
67 
41 
06 
60 
60 
67 
70 

162 
90 


>  Three  tanks  tn  series. 


'  25  feet  diameter 


s  23  feet  diameter. 


While  at  four  of  the  plants,  Baltimore,  Rochester,  Brighton,  and 
two  at  Atlanta,  the  circular  type  of  (construction  was  found,  at  only 
one,  Baltimore,  is  the  flow  raclial.  At  the  other  three  plants  the  flow 
diambers  are  all  of  the  type  found  in  the  rectangular  tanks  with 
the  sewage  flowing  across  the  tank.  In  these  plants  the  circular 
construction  applies  only  to  the  gas  vents  and  sludge  chambers. 
Hie  Baltimore  tanks  are  the  only  ones  in  which  the  direction  of  flow 
(^n  not  be  reversed. 

A  discussion  of  many  of  the  details  of  the  aboye  table  would  be  of 
oomparatiTely  little  value.  There  are  some  points,  however,  which 
shotdd  be  mentioned  to  explain  parts  of  the  table,  and  others  which 
are  deserving  of  special  attention.  For  the  AlUance  plant,  the  table 
gives  the  width  of  the  tanks  as  a  whole  as  nearly  twice  the  length. 


128  SEWAGE  TBEATBiENT  IK  THE  TJKITBD  STATES 

This  is  due  to  the  fact  that  the  width  includes  four  flow  chambers. 
'Hie  ratio  of  width  to  length  for  both  the  Atlanta  plants  is  that  for 
each  individual  tank,  whereas  in  operation  three  tanks  must  always 
be  run  in  series,  which  is  equivalent  to  multiplying  the  stated  ratio 
by  3.  This  applies  also  to  the  Canton  plant,  Uiough  here  it  is  pos- 
sible to  operate  the  tanks  in  parallel. 

In  a  general  way  the  table  is  of  particular  value  in  showing  the 
wide  variations  in  the  design  factors  of  Imhoff  tanks.  Lengths  vaiy 
from  35  feet  at  Alliance  to  141  feet  at  Columbus.  Consid^abk 
importance  at  some  of  the  plants  was  attached  to  the  depth  factor. 
The  effective  depth,  the  total  depth  less  the  freeboard,  varies  from 
about  21  feet  at  Canton  to  nearly  35  feet  at  both  the  Kochester 
plants.  At  these  latter  plants  the  depth  factor  is  credited  with 
some  of  the  favorable  operating  conditions  obtained,  such  as  the 
absence  of  foaming.  While  analytical  results,  as  given  later,  afford 
a  means  of  comparison  of  the  efficiencies  of  different  tanks,  it  is  not 
believed  possible  to  credit  favorable  differences  to  any  one  factor  ol 
design  or  operation,  inasmuch  as  other  factors  of  equal  importance 
introduce  differences  that  can  not  be  eliminated  nor  compensated 
for.  The  character  of  the  raw  sewage,  the  detention  period,  and 
velocity  of  flow  are  all  of  sufficient  weight  to  prevent  any  comparisons. 

The  per  cent  of  the  gas  area  to  the  sedimentation  area  has  received 
considerable  attention  in  connection  with  the  control  of  foaming. 
The  tendency  has  been  to  make  this  area»  about  10  per  cent  of  the 
siirface  area  of  the  tank  or  11  to  12  per  cent  of  the  sedimentatioo 
area  as  used  in  the  above  table.  This  percentage  is  approxi- 
mated by  7  of  the  12  plants  listed,  and  two  others  are  only  3  to  4 
per  cent  below  this  figure.  The  remaining  three,  however,  are 
radically  differ^it.  At  Fitchburg  the  percentage  is  twice  and  at 
the  Irondequoit  plant  at  Rochester  three  times  the  average  oi  the 
first  nine  mentioned,  while  at  Baltimore  it  is  only  about  one-quarter 
of  this  average. 

At  Fitchburg  but  little  trouble  has  been  encountered  by  foaming. 
Mr.  H.  B.  Allen,  chemist  in  charge,  stated  that  foaming  was  not  con* 
sidered  a  problem  at  his  plant.  It  persists  for  only  two  to  four  days 
and  is  readily  stopped  or  controlled  by  drawing  sludge  and  pushing 
down  scum  with  a  paddle.  Experience  at  this  plant  has  been  that  a 
good  heavy  sludge  does  not  foam,  and  for  this  reason  he  does  not 
use  a  stream  of  water  to  break  up  scum  in  a  foaming  vent  in  (mkr 
not  to  dilute  further  a  light  sludge. 

At  Rochester,  Irondequoit  plant,  the  tanks  have  never  foamed  ex« 
cept  one  tank,  which  on  one  occasion  foamed  for  7  to  10  days.  The 
lack  of  foaming  was  attributed  by  Mr.  N.  A.  Brown,  special  aasistiuU 
engineer,  to  the  depth  of  the  tanks,  the  character  of  the  sewage. 
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a  dfliite  well  broken  up  domestic  sewage,  and  the  removal  by  Riensch- 
WupI  screens  of  floating  v^etable  refuse. 

At  Baltimore  during  the  early  stages  of  operation  considerable 
trcmUe  was  experiaiced  with  foaming  and  excessive  scum  formation, 
scum  forming  even  in  the  sedimentation  chamber  to  depths  of,  at 
timee,  2  feet.  The  tanks  were  taken  out  of  service  and  slightly  modi- 
fied to  e<MTeet  certain  hydraulic  factors  which  interfered  with  opera*- 
tion.  They  have  since  been  started  again  and  very  little  trouble  has 
been  caused  by  foaming  which  when  it  did  occur,  was  easily  con- 
trdled  by  the  use  of  a  hose  for  a  few  minutes/ 

Mr.  C.  C.  Hommon,  chemist  in  charge  of  the  Atlanta  plants,  was 
of  the  opinion  that  gas  vent  areas  are  generally  designed  too  large, 
prefening  the  tanks  at  the  Peachtree  Creek  plant  with  7  per  cent  gas 
areas  to  those  at  the  Intrenchment  Creek  plant  with  10.4  per  cent. 
Moreover,  some  of  the  vents  at  the  Peachtree  plant  are  capped  with 
a  metal  gas  collector  and  vented  through  a  one-half-inch  gas  line. 
These  have  never  given  trouble. 

All  Imhoff  plants  visited  had  experienced  foaming  to  some  extent. 
Hie  tanks  at  Alliance  foam  at  irregular  intervals  throughout  the 
year.  At  this  plant  fresh  sludge  from  plain  sedimentation  tanks  is 
pumped  into  the  Imhoff  tanks  weekly.  At  Canton,  also,  foaming 
ocears  off  and  on  throughout  the  year,  though  more  actively  in  the 
summer.  On  several  occasions  when  attempting  to  relieve  foaming 
by  withdrawing  sludge,  it  was  foimd  that  only  sewage  flowed  from 
the  dvdge  pipe,  and  it  was  necessary  to  break  up  and  push  down  the 
sludge  in  the  gas  vents  before  any  could  be  removed.  Hie  tanks  at 
Lerington  foamed  considerably  during  the  first  year  of  operation, 
bat  in  the  past  two  years,  although  they  foam  occasionally,  they 
have  not  caused  any  serious  trouble. 

Mr.  J.  F.  Skinner  stated  that  the  tank  at  the  Brighton  plant  at 
Rocheeter  had  never  foamed.  He  attributes  this  to  the  dilute 
sewBge  treated,  the  method  of  starting  operation,  which  consisted 
in  first  filling  the  tank  with  water  and  gradually  addii^  sewage, 
the  seeding  of  the  tank  with  well  digested  Imhoff  sludge,  and  the 
fact  that  operation  was  started  in  the  early  spring,  March. 

At  Columbus,  Mr.  C.  D.  McOuire  stated  that  the  Imhoff  tanks 
started  foaming  each  spring  about  four  weeks  after  they  were  put  in 
operation.  As  the  plant  is  not  operated  during  the  winter  the  tanks 
ire  idle  from  about  December  to  April.  In  1920  one  set  of  tanks, 
mindk  was  not  put  in  operation  in  the  spring,  started  foaming  about 
Jane  1,  with  sludge  from  the  previous  year,  and  this  foaming  continued 
for  three  to  four  weeks.  In  line  with  Allen's  statement  at  Fitchburg 
that  his  heavy  sludge  did  not  foam,  McGuire  has  noted  that  at  Colum- 

« liliM  Tcan  OpiratioQ  of  Baltiiiion  Sewage  Wocks,  T.  C .  SobaeUle,  Bngi]^^ 
yp.lO-M»97-UB. 
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bos  foaming  alinost  always  starts  in  the  middle  hoppers  and  thAt 
the  inlet  hoppers  are  the  last  to  foam. 

It  was  practically  the  imanimous  opinion  of  the  operators  of  iia 
plants  visited  that  permanent  relief  from  foaming  could  be  obtained 
only  by  an  adequate  removal  of  sludge.  At  some  plants  a  stream 
of  water  or  other  mechanical  agitation  is  used  for  temporary  rdief 
to  control  the  tanks  till  sludge  beds  are  available  to  recmve  sludge. 

With  the  exception  of  the  Irondequoit  plant  at  Rochester,  no  tanks 
give  a  theoretical  detention  period,  figured  on  the  total  displacement 
of  the  flow  chamber,  imder  three  hours,  and  several  give  periods  of 
well  over  four  or  five.  At  several  plants  efforts  have  been  made  to 
determine  by  dye  tests  the  actual  detention  period,  but  these  teste 
have  not  been  sufficiently  successful  for  use  as  a  reliable  basis  of 
computation. 

The  Irondequoit  plant  at  Rochester  stands  by  itself  in  the  above 
table  with  a  detention  period  of  only  one  hour.  At  this  plant  the 
tanks  are  preceded  by  fine  screens,  and  the  dilution  in  Lake  Ontario 
available  for  the  tank  effluent  is  so  large  that  the  extent  of  purifica- 
tion required  of  the  plant  consists  in  the  removal  of  solids  capahle 
of  creating  visible  nuisances  on  the  surface  or  the  shore  of  the  lake. 

The  average  clearance  of  the  slot  at  the  bottom  of  the  flow  chamber 
is  8  inches.  One-third  of  the  plants  visited  had  this  clearance,  one- 
third  were  within  1  inch  of  this  figure,  and  one-third  within  2  mdm. 

The  overlap  distance  of  the  slot  while  varying  within  greater  limits, 
3  to  12  inches,  is  in  all  except  three  plants  within  a  much  narrower 
range,  7  to  10  inches. 

Probably  the  most  important  factor  in  the  design  of  the  digestioD 
chamber  is  the  volume  to  be  allowed  per  capita  contributing.  It  is 
essential  to  provide  sufficient  volume  to  insure  a  thorough  digestion 
period.  Necessary  capacity  beyond  this  point  is  dependent  upon 
the  sludge-bed  area  available  and  climatic  conditions.  For  a  phmt 
with  adequate  sludge-bed  area  and  weather  conditions  permittiDg 
of  continuous  use  throughout  the  year,  a  storage  over  a  hbenl 
digestion  period  is  sufficient.  Where,  however,  it  is  necessary  to 
hold  sludge  in  the  tanks  over  the  winter  months,  provision  must  be 
made  for  this  additional  storage. 

With  the  character  of  the  raw  sewage  treated  at  different  plants 
varying  within  wide  limits  it  is  impossible  to  compare  Uie  sludge  sUo^ 
age  capacity  in  more  than  a  very  general  way.  In  the  last  column  d 
the  table,  a  comparison  is  made  on  an  empirical  basis,  taking  into 
consideration  the  capacity  of  the  digestion  chamber,  the  avenge 
daily  volume  of  sewage  contributing  sludge,  and  the  av^*age  sus- 
pended matter  content  of  the  influent  as  det^mined  by  analysef 
made  during  the  survey.     The  figure  given  represents  the  cubic  feet 
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of  fltorage  per  parts  per  nullion  of  suspended  matter  per  million 
gaUons  daily. 

Hie  factors  giv^i  by  this  method  reverse  in  several  instances  the 
relatiye  figures  given  for  the  vdnme  per  capita  served.  This  reversal 
is  well  illustrated  by  the  Fitchburg  and  Lexington  plants.  Con- 
sidering the  differences  in  the  composition  of  sewages  and  the  fact 
tii&t  the  computations  are  made  on  the  basis  of  1920  operating  con- 
ditions, five  to  seven  years  after  the  plants  were  constructed,  it 
seems  rather  surprising  that  so  many  plants  should  have  factors 
within  such  relatively  narrow  limits.  Moreover,  some  of  the  plants 
furthest  fitHn  the  most  conmion  average  are  subject  to  possible 
rocrection.  It  is  not  believed  that  the  suspended  matter  results 
of  106  and  226  parts  per  million  obtamed  in  the  sewages  at  the 
Atlanie  Intrenchment  Creek  and  Peachtree  Creek  plants,  during  the 
period  analyses  were  made,  were  r^resentatiive  of  normal  condition. 
In  tibe  case  of  the  Brighton  plant  at  Rochester  the  tank  was  designed 
for  Mare  growth  and  allows  for  a  much  higher  volume  of  flow  than 
that  actually  passing  through  in  1920.  The  two  Rochester  plants 
were,  moreover,  intentionally  designed  with  exceptionally  large 
digestion  chambers. 

Hie  Canton  plant  represents  the  other  extreme  among  the  plants 
visited,  but  the  storage  here  has  alwajrs  been  sufficient  to  produce 
weD  digested  sludge,  and  the  lack  of  capacity  in  the  tanks  has  been 
offset  by  the  use  of  large  areas  for  the  disposal  of  sludge.  Additional 
tank  capacity  will  probably  be  provided  in  the  near  future. 

It  was  noted  that  at  plants  where  sludge  disposal  was  one  of  the 
acute  problems  the  operators  spdke  more  of  inadequate  sludge-bed 
facilities  than  of  inadequate  sludge  capacity  in  the  tanks. 

The  following  table  contains  the  average  of  analyses  of  the  influent 
and  effluent  of  the  Imhoff  tanks  studied,  together  with  the  per  cent 
removal  effected  by  the  tanks.  The  methylene  blue  stability  results 
are  not  included  as  it  is  difficult  to  average  these  properly  ovot  short 
pmoda.  Chlorine  as  chlorides  is  also  omitted  as  there  is  no  change 
effected  in  this  constituent  by  tank  treatment. 
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Tabub  No.  48. — Anra§B  analytea  of  infimmt  and  ^(fluetU  <tf  Jmktffi  itmhB 

[Basalts  in  parts  per  miUioo,  eioept  as  noted.] 
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1  Tr.  indicates  lees  than  0.1  c.  o. 

s  The  tank  eflluent  analyaed  indnded  eflloents  from  plain  sedimentation  tanks 
with  the  Imhoff  tanks. 
I  Infloeat  is  raw  sewage  after  passing  Rienseb-Wurl  screens. 


operated  inpmki 


The  main  function  of  any  sewage  tank  is  the  removal  of  sospeoded 
matter.  With  the  exception  of  Alliance  where  the  samples  analzTvi 
were  50  per  cent  effluent  from  plain  sedimentation  tanks,  and  of  tbe 
Intrenchment  Creek  plant  at  Atlanta  where  operating  conditkHfe 
were  probably  affected  by  abnormal  weather  conditions,  and  of  the 
Irondequoit  plant  at  Rodiester  where  the  detention  is  abnonnaUr 
low  and  where  the  sewag[e  was  passed  through  Riensch-Wml  screens 
before  entering  the  tanks,  all  tanks  effected  a  removal  of  suspended 
matter  of  60  per  cent  or  over.  The  exceptionally  good  work  ot  Um 
tanks  at  Fitchburg  is  probably  due  to  some  extent  to  the  amount  of 
grit  carried  by  the  sewage.  This  naturally  settles  out  readily  aiuL 
it  might  be  added,  can  cause  considerable  trouble  in  the  tanks  ^ 
experience  at  Fitchburg  has  demonstrated.  On  the  basis  of  settleabk 
solids  only  two  plants  gave  efficiencies  of  less  than  90  per  ceot 

A  comparison  of  the  reduction  of  the  permanganate  oxygen  coo- 
sumed  with  that  of  the  5-day  oxygen  demand  is  interesting  in  thai 
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the  pcfteolage  o£  reduction  of  S-day  demand  is,  at  7  out  of  the  & 
plaotSy  greater  than  that  of  oxygen  consumed.  It  has  been  held 
that  the  removal  of  suspended  matter  affected  the  oxygen  demand 
to  a  much  lees  degree  than  the  oxygen  consiuned.  This,  however,  is 
not  borne  out  by  the  above  table. 

Speaking  generally,  of  all  the  Imhoff  tank  installatioDs  studied,  it 
can  well  be  said  that  they  satisfactorily  accomplished  their  purpose. 
At  all  the  plants  where  they  constitute  the  preliminary  treatment 
for  filters,  the  effluents  are  properly  prepared  for  this  secondary 
treatment,  and  in  the  one  plant,  the  Irondequoit  plant  at  Rochester, 
where  they  constitute  final  treatment,  the  effluent  produced  is 
capable  of  disposal  without  nuisance  in  Lake  Ontario.  At  this 
{dant,  however,  the  detention  period  is  too  short  and  velocity  of  flow 
throu]^  the  tanks  is  too  great  to  effect  removal  of  the  lighter  sus- 
pended matter. 

Table  No.  48,  taken  with  Table  No.  47,  suggests  a  number  of 
pointa  ipdiere  comparison  can  be  made  between  various  factors  of 
dfifTi  and  efficieiugr.  In  a  Inroad  way,  however,  such  a  comparison 
ruses  a  question  as  to  the  value  of  r^mement  of  minor  features 
ol  design  in  improving  the  character  of  the  tank  effluent.  The 
two  tables  show  that  in  spite  of  great  variations  in  design  factors 
and  in  the  character  of  the  raw  sewage,  the  tanks  produce  effluents 
of  a  fturiy  standard  quality  so  far  as  the  design  or  operation  of  sub- 
sequent treatment  devices  is  concerned. 

Secondary  sedimerUaHon  tanks. — ^Under  the  discussion  of  trickling 
filesBy  mention  is  made  of  unloading  periods  during  which  soHds 
aecnnmlated  and  worked  over  in  the  beds  break  loose  and  are  carried 
oat  with  the  effluent.  To  prevent  these  solids  from  reaching  the 
reeeiving  body  of  water  it  is  common  practice  to  install  sedimenta- 
Ijon  tanks  following  the  filters. 

Sach  tanks  are  in  operation  at  Baltimore,  Md.,  Fitchburg,  Mass., 
Lexington,  Ky.,  Reading,  Pa.,  and  the  Brighton  plant  at  Rochester, 
K.  T.  Tbeiy  were  also  built  at  Columbus,  Ohio,  but  in  recent  years 
have  not  been  used,  the  fflter  effluent  being  by-passed  around  tihem. 

At  Fitchbuig  th^  are  circular,  of  the  deep,  vertical  flow,  Dort- 
mund type,  but  at  all  other  places  they  are  the  rectangular,  dballow, 
horizontal  flow  type.  The  following  table  contains  some  of  the 
Btmctaral  features  of  these  tanks  at  the  plants  surveyed: 
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Tabls  No.  49. — Struetural  ftaiwres  of  secondary  sedimefUaHon  tanks  timdM 
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I  These  basins  not  operated. 

>  The  four  tanks  are  slightly  different.   All  fall  within  dimensions  given. 

•Diameter. 

*  Approximately  for  two  basins  averaged. 

*  Exclusive  of  sludge  hopper. 

*  Figured  for  total  filter  installation,  thoo^  all  filters  are  never  in  use  at  any  one  time. 

The  unit  quantities  of  sedimentaticHi  area  available  per  m.  g. 
treated  are  computed  on  actual  operation  data  and  not  on  tbe 
designed  capacitiee  of  the  filters.  Thus  at  Baltimore  the  avenge 
filter  rate,  if  all  filters  were  operated,  was  about  1^  m.  g.  d.,  while  tt 
the  Brighton  plant  at  Rochester  it  was  1.1. 

Comparison  of  the  survey  analyses  of  the  effluents  of  these  tanks 
would  give  no  idea  of  their  relative  effidency,  because  they  cover 
too  short  a  period.  Tanks  of  this  type  function  primarily  when  the 
filters  are  unloading.  At  such  times  their  sedimentation  efficieney 
may  be  high,  but  at  other  times,  while  scdids  are  being  stored  in  the 
filter  these  tanks  serve  no  useful  purpose,  the  influent  and  effluents 
being  almost  identical,  or  the  effluent  may  even  be  worse  than  the 
influent. 

A  table  showing  sucn  analytical  results  is  not^  therefore,  included. 
They  may  be  found  in  the  analytical  tables  under  the  various  plantB. 

Filters 

TricMing  fUers. — ^For  the  process  of  oxidation,  tiie  trickling  filter 
holds  at  the  present  time  the  center  of  the  stage.  While  special 
conditions  may  indicate  other  devices  at  some  places,  none  are  equal 
to  the  trickling  filter  for  a  combination  of  efficiency,  economy,  and 
capacity  to  stand  abuse. 

''  The  trickling  filter  is  a  bed,  usually  6  to  10  feet  deep,  of  ooane 
material  such  as  clinkers,  gravel,  or  broken  stone,  through  which  the 
sewage  trickles  in  thin  films.'' '  It  is  almost  universal  practice  io 
this  country  to  apply  the  sewage  to  the  bed  by  means  of  nozslee 
which  act  in  a  manner  similar  to  lawn  sprays.  Mechanical  distribu- 
tors are  used,  but  these  have  never  gained  any  popularity  in  this 
country. 


*  Amerioan  Bcwue  Practlee,  Metoalf  and  Eddy.   Vol.  m,  p.  668. 
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Hie  oxidation  is  accomplished  by  a  combination  of  direct  aeration 
wfaBe  the  sewage  is  a  spray  in  the  air,  and  of  the  action  of  bacteria 
and  otiier  forms  of  life  which  grow  in  tremendous  numbers  within 
the  bed  and  which  act  upon  the  sewage  while  passing  through  the 
filter.  That  the  direct  aeration  is  but  a  very  minor  factor  in  the 
process  is  evidenced  by  the  fact  that  but  little  purification  is  accom- 
plished by  these  filters  until  the  bacterial  zooglea  and  other  forms  of 
life  have  developed  within  the  bed. 

Eight  plants  using  this  type  of  filters  were  included  in  the  survey. 
The  structural  features  of  these  installations  are  contained  in  the 
foDowing  table: 

Table  No.  60. — Structural  fecUures  of  trickling  filters  studied 


City 


Atknts  Ontranctimeiit) 

AUuti  (Pwclitne) 

B»Winor« 

Cflfcanboi '.__«..»»«.. .. 
fttdbbor; ,,. 

Badliig,bMiaL ^ 

BaHlincbeda 

Iteiai«.bed4 

BodMfttf  (Brighton) . . . 


Total 

■rea 

(acres) 


2 

130 
10 
12.1 

2 

1 

1 

1 

1 

n 


VenU- 
latora 


Yes. 
Yes. 
No.. 
No.. 
No.. 
No.. 
No.. 
No.. 
No.. 
No.. 
No.. 


Rate 
m.  e. 
a.  d. 


2L5 

2.0 

2.7.3 

2.12 
*2.7 
•  1.75 

L6 

1.6 

L6 

1.6 

1.6 


Aver- 
age 
depth 
(feet) 


Rate 

per  cn- 

Diofoot 

(ganoDS 

per 

day). 


lao 
8.0 
|7.3-«.l 
0.1 
6.0 
6.7 
7.3 
6.6 
7.3 
7.8 
6.1 


Filtering  material 


Kind 


Granite 

do 

Limestone  and  trap 

Limestone 

Trap  and  granite 

Limestone  and  granite. 

Slag. 

Feldspar , 

Slag , 

....do 


Dense  limestone. 


Sise 
(inolMs) 


1-2H 
1-3 
1-2 
1-2H 

8 
1 


iMr 


Atlaata  (In- 
trtnefameot). 

Atltnti  (PeMii- 
tree), 

BiJlimowL 


nubboig^ 


»«Mi*badU-. 

»«dIng.b«iaL._ 

»«ltofcbedt_. 

fi«dbt»bed4.... 

Ao^MlviBrigh' 


Dostng^ 
rmnu 


H*pa- 


Siphon. 

do. 

Butterfly  TahiflL 

Hand  valve 

StpbOD. ^. 


Static 

head  on 

nezKles 

(feet) 


»-lH 

^IH 

fidb 

10-iH 

»H-2 

About  »- 

2H. 

7K±- 

2H± 

About  0- 

2H 
About  0- 

2H. 
6^ 


Nozzles 


Type 


Menritt 

......do — ........ 

SOpereentHer- 
ntt;  20  per 
cent  Taylor. 

Columbus,  mod- 
ified. 

Worcester,  mod- 
ifled. 

Taylor  (circu- 
lar). 

Reading 

Weand 

Reading 

Weand 

Columbus. 


Spacing 

center  to 

center 

(feet) 


18H 
13H 
16-21 

15 
15 
13H-1^ 
12H-13H 

WK-16H 
14H 


Lateral  distributors 


Location 


12  inches  below 

suriace. 
10  inches  below 

surface. 
88  inches  below 

surface. 

42  inches  below 

Burfooe. 
At  surface. 

6  inches  below 

surfEKse. 
Bottom 

do 

do.... ., 

.....do 

36  inches  below 
surfhoe. 


Flushing 


Through 
nozzles. 
Do. 

D0.« 


Do.< 

Blow-off 
valves. 

Through 
noadee. 
Do. 

Do. 

Do. 

Do. 

Blow-off 
valves. 


|Si^filttfarea 

•PlMtl 


DOi 


used  at  one  time. 

feet  during  pert  of  day. 
winter. 


« 1919. 

*  Estimated. 

*  Can  flush  direct,  but  this  method  not  used. 
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Table  No.  50.--->S<rudurai/«a<ixr6«o/<mJi;{ifi^jU<er««<iklM^^ 


City 


Underdraios 


Typt 


Flushing 
fodUUes 
provided 


Extent  of  oon- 
trol 


Jraonnc 


ordeMdoc 


Atlanta  (lotrenob- 
ment). 

Atlanta  (Peach- 
tree). 

BaltUnore 


Cotaunbos  • 


HairtOeoorertd.. 

do 

Mdded  chaniwlii 

covered. 
Halftae,^ 


No.-.. 
No... 
Yea.., 


Indhldaal  lat- 

erala. 
.....do . 


NOO0.MM.M.. 

.....do.....^ 


Dow 


Fltchborg 

Beading,  bed  1., 
Beading,  bed  2.. 


Hdded  channeln 

covered. 
HalftOe 


Yes,     for 

main   col- 
lectors. 
Yes 


.do. 


Yea. 
No., 


.do 


Nc. 


Beading,  beds 

Reading,  bed  4 

Booheater  (Brigh- 
ton). 


do.. 

do. 


Sloping  bottom  to 
tile. 


No.. 
No- 
Yes. 


S-aore  units 

im^Mseoirits.. 


Individual  lat- 
erals. 
^faflnnoitSL... 

>C-acre  units 


Individual  lat- 
erals. 

H-ion  unlta... 

....do 

Individual  Ut- 
erals. 


Little  in  win- 
ter. 
(TonskknMa.. 


None.. 
do. 


Some  in  fsIL 
spring,  and 
winter. 

.....do...^...^. 


Have  braonsd 

aizrteoa. 
Nothing  aver 


. do 

do 

Nods 


Do. 

Bo. 
Do. 
Waading. 


*  Plant  not  operated  during  winter. 

At  only  two  plants,  those  at  Atlanta,  are  artificual  arrangements 
provided  to  increase  natural  aeration  of  the  beds.  At  these  there^are 
ventilators  with  cowls,  but  the  chemist  in  charge  of  the  plant  does 
not  fed  that  they  are  of  any  noticeable  benefit.  Some  other  installa- 
tions have  open  rubble  masonry  walls,  but  there  is  nothing  in  the  re- 
sults of  these  to  indicate  that  any  aeration  is  needed  beyond  that 
inherent  in  the  construction  of  aU  filters  of  this  type. 

The  average  per  diem  rate  of  treatment  of  the  filters  studied  varied 
from  1.6  to  2.8  m.  g.  d.  per  acre  with  an  average  of  2.2.  As  it  is  known 
that  the  total  surface  area  of  the  material  in  the  bed  is  more  important 
than  the  area  of  the  bed  itself,  the  depth  of  the  bed  must  be  considered. 
In  the  table  are  given  the  rates  in  gallons  per  day  per  cubic  foot  of 
filter  material.  These  rates  varied  from  5.6  gallons  for  filter  No.  2  at 
Reading,  to  10  for  the  filter  at  the  Intrenchment  plant  at  Atlanta, 
Ga.  With  the  exception  of  these  two  plants,  and  at  Columbus, 
Ohio,  the  variations  were  between  6.0  and  8.1  gallons  per  day  per 
cubic  foot  of  filtering  matmal. 

At  all  except  two  plants  dosing  is  done  with  siphons.  Baltimore 
uses  the  butterfly  valve  and  Columbus  hand-operated  gates.  One 
filter  at  Reading  was  equipped  with  a  butterfly  valve,  but  as  it  WM 
to  be  replaced  in  1920  by  siphon,  it  is  credited  with  this  change. 

The  underdrainage  systems  are  of  three  types:  (1)  Sloping  fiat 
concrete  bottoms  overlaid  with  half  tile  which  may  or  may  not  be 
covered  with  small  slabs  or  plates  upon  which  the  stone  rests.  & 
The  bottoms  built  with  channels  molded  in  them,  and  the  channeb 
covered  with  small  slabs.    (3)  Bottoms  sloping  both  ways  to  a  draiD 
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in  the  trou^  of  the  slopes.  This  last  is  probably  the  simplest  and 
least  costly.    It  was  found  only  at  the  Brighton  plant  at  Rochester. 

At  ail  except  two  cities,  Atlanta,  Ga.,  and  Reading,  Pa.,  facilities 
were  available  for  flushing  the  underdrains.  It  does  not  appear  that 
these  have  been  used  very  extensively  except  at  one  or  two  plants. 
However,  the  chemist  in  charge  at  Atlanta  stated  that  such  facilities 
were  needed  at  his  plants. 

At  only  one  plant  was  any  appreciable  amount  of  pooling  observed, 
bat  operators  at  two  others  stated  that  they  had  some  in  the  fall, 
spring,  or  winter.  At  none  of  the  plants  had  this  necessitated,  as 
yet,  any  appreciable  removal  of  filtering  material  or  much  labor  on  the 
beds.  The  surface  at  some  had  been  loosened  vdth  a  pick,  and  at 
others  raking  or  brooming  was  practiced,  and  one  plant  employed  a 
hoae  on  the  surface  to  flush  out  deposits. 

At  neariy  all  plants  a  hole  was  dug  into  the  filters  to  determine  the 
general  nature  and  prevalence  of  life.  It  was  not  possible  to  make 
any  detailed  study  or  imdertake  any  differentiation  of  species,  so 
that  no  attenq)t  has  been  made  to  correlate  these  observations  with 
filter  operation. 

At  the  Intrenchment  Creek  plant  at  Atlanta  the  hole  was  dug  to  a 
dq>th  of  1  foot.  The  surface  stones  were  of  good  size  with  little  small 
material,  and  clean.  Below  these  there  was  more  smaller  stone  and 
all  were  coated  with  a  slimy  mud,  but  not  sufficient  to  indicate  serious 
doggnig.  Life  was  not  very  abundant.  There  were  very  few  gray 
moth  flies  iPsychodd)  and  the  small  white  worm,  usually  occurring 
in  small  masses,  was  not  observed.  The  small  red  spider,  while 
present,  was  not  abundant  and  there  were  some  few  white  spiders 
mnfij1<>y  to  the  red  ones.    There  were  also  a  few  long  thin  red  worms. 

At  the  Peachtree  Creek  plant  at  Atlanta  a  1-foot  hole  was  dug. 
The  top  3  to  4  inches  contained  considerable  deposit,  though  ap- 
parently not  sufficient  to  cause  serious  clogging.  Bdow  this  the 
voids  became  more  open,  and,  at  the  depth  of  1  foot,  were  quite  free. 
ThB  filter  fly  was  present,  though  not  prevalent.  No  sniall  white 
filter  worms  were  observed.  The  red  spider  and  some  of  the  larger 
worms  were  found,  but  only  in  relatively  small  numbers.  The  most 
noticeable  feature  was  the  tremendous  niunber  of  small  snail  shells. 
Thase  were  seen  on  the  survey  in  limited  niunbers  in  the  upper 
layers  of  other  filters  and  were  frequently  present  in  large  numbers 
m  final  effluents,  but  at  this  plant  the  top  2  to  4  inches  of  some 
sections  oi  the  filter  was  fairly  loaded  with  them.  An  attendant  at 
the  plant  stated  that  he  had  not  found  algae  growth  prevalent  where 
these  shells  were  abundant. 

At  Baltimore  a  hole  2  feet  deep  was  dug  in  one  of  the  oldest  and 
moBt  used  filters,  and  another  about  1  foot  deep  in  a  filter  used  only 
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part  of  each  day.  In  the  first  filter  the  flies  and  white  filter  worms 
were  very  numerous  to  a  depth  of  about  4  inches.  The  red  spider 
was  present  in  fair  numbers  but  not  to  the  extent  observed  in  this 
same  filter  four  days  previous.  They  were  found  at  depths  of  20 
inches^  but  at  that  depth  appeared  to  be  lai^er  than  those  near  the 
surface.  A  few  angle  worms  were  found  bdow  the  top  6  inches  and 
a  long  thin  worm,  three-quarters  to  1  inch  long  and  one-thirty-second 
inch  in  diameter.  Both  of  these  are  probably  more  prevalent  in  lower 
sections  as  they  appear  in  great  number  in  the  effluent.  The  filte^ 
ing  material  was  rather  compact  with  small  stone  filling  the  voids 
between  the  larger  stone,  but  the  surfaces  were  fairly  clean,  withoat 
much  slime  or  other  deposits. 

In  the  second  filter,  life  was  similar  to  that  described  just  above, 
but  all  forms  were  less  numerous.  The  spiders  appeared,  on  the  whole, 
to  be  slightly  larger.  In  two  instances  these  were  observed  feeding 
on  gray  flies,  but  in  other  instances  the  two  species  seemed  to  be  in- 
different to  each  other's  presence. 

As  noted  below,  at  several  other  places,  extensive  web  spinning 
by  the  spiders  had  been  frequently  observed  here.  No  diminution 
of  flies  was  noted  after  this  had  taken  place  and  the  formation  of 
webs  took  place  during  the  day.  These  points  are  mentioned  is 
being  different  from  observations  at  Fitchburg,  Mass. 

Holes  13^  to  2  feet  deep  were  dug  in  two  filters  at  Columbus.  In 
both  cases  the  filtering  material  was  found  to  be  badly  clogged,  one 
to  a  depth  of  2  feet  and  the  other  to  a  depth  of  18  inches  where  the 
voids  in  the  stone  appeared  to  become  more  open.  In  the  more  com- 
pletely clogged  filter,  life  with  the  exception  of  the  fly,  was  very 
limited,  only  a  few  spiders  and  fly  larvsB.  In  the  other  filter  there 
was  more  life,  but  it  was  not  abundant,  consisting  of  the  fly  to  a 
depth  of  4  to  6  inches,  some  small  angle  worms,  a  few  spiders,  and  a 
limited  number  of  snail  shells.  From  observation  at  the  plant  out- 
fall into  the  river,  it  was  evident  that  these  snails  were  very  preva- 
lent in  some  parts  of  the  filter.  These  filters  are  not  operated  dtl^ 
ing  the  winter,  and  the  assistant  chemist,  in  temporary  charge, 
stated  that  the  white  filter  worm  had  not  been  in  evidence  since  the 
filters  were  put  on  a  part-year  operation  schedule.  The  spider  was, 
he  stated,  observed  on  the  surface  the  first  warm  spring  day  before 
the  filters  are  put  in  operation.  No  filter  flies  are  noticed  till  after 
two  to  three  weeks  of  operation.  When  the  fllters  are  operated 
r^ularly  the  spiders  seemingly  disappear,  but  if  a  filter  is  idle  for  an 
hour  or  two  they  swarm  out  on  the  surface  and  begin  to  spin  webs, 
covering  the  entire  bed  in  a  day.  If  the  spiders  are  very  numerous, 
they  have,  on  hot  dajrs,  in  45  minutes  to  an  hour,  covered  with  a 
dense  network  of  webbing  the  walkway  over  thefiltersi  which  is  500 
feet  long  and  2}^  to  3  feet  wide. 
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No  ezoaration  was  made  at  Fitchburg,  Mass.,  but  the  foUowing 
lafomation  was  given  by  the  chemist  in  charge.  The  filters  were 
pot  in  operation  in  October,  1914.  Dnring  die  sunmiers  of  1915  to 
1917,  indole,  the  filter  flj  was  very  prevalent,  predominating  over 
tiia  red  qnder.  Daring  1918  and  1919  the  flies  were  more  abundant 
tiU  mxtnoMly  hot  weather  in  July,  when  the  sjuders,  working  during 
the  ni(^t,  spun  webs  covering  at  times  the  entire  filter  area  and  the 
gnuSy  trees,  and  poles  adjacent  to  it.  These  webs  would  break  loose 
and  float  off  during  the  day  and  be  respun  in  the  night.  This  some- 
times  continued  for  two  or  three  wedcs.  After  this,  the  prevalence  of 
ffiea  was  greatly  reduced,  though  both  the  fly  and  spider  continued  to 
inhabit  Ae  beds.  At  the  time  of  the  survey,  the  latter  part  of  June, 
1920,  both  were  seen  in  the  beds,  but  the  fl^ee  were  not  noticeable  at 
any  distance  from  the  beds. 

la  adcfition  to  the  flies  and  spiders,  the  white  filter  worm  was  very 
pravaltfit,  at  times  spread  over  the  surface  of  the  stones  but  at  other 
tioifia  collected  into  small  masses  or  balls  on  the  stone.  Larger  worms, 
3  to  4  inches  long,  are  carried  off  in  the  effluent  but  have  not  been 
noticed  in  the  upper  layers  of  the  filters. 

At  Lexington  two  holes,  each  12  to  18  inches  deep,  were  dug.  The 
surface  stone  was  largely  covered  with  a  layer,  about  one^«ighth 
inch  thick,  of  greenish  black  algsB,  but  there  was  not  enough  to  cause 
any  pooling  or  serious  clogging.  Below  the  surface  the  stone  was  in 
good  condition  with  the  voids  open.  Life  was  only  fairly  abundant, 
amodevate  number  of  filter  flies,  some  long  thin  angle  worms,  a  few 
spfdeiSy  and  some  other  forma.  None  of  the  small  white.filt^  worms 
weie  observed. 

Beeauae  of  the  differences  in  medium,  construction,  and  age  of  the 
Sters  at  Reading,  Pa.,  shallow  holes  were  dug  in  all  of  them.  Two 
slag  filters,  Nos.  1  and  4,  and  the  stone  filter  No.  2,  all  showed  more 
or  lest  surface  clogging,  the  clogging  material  containing  considerable 
hair*  In  this  clogging  material  were  great  numbers  of  long,  thin 
angle  worms  to  depths  of  about  6  to  8  inches,  the  number  appearing 
to  be  dependent  upon  the  extent  of  the  clogging,  with  the  greatest 
number  occuring  in  the  most  clogged  filter.  No.  4,  and  the  smallest 
number  in  the  least  clogged  one.  No.  2.  Filter  No.  3,  composed  of 
3-iDck  slag,  c<mtained  little  foreign  material,  and  the  voids  were  clear 
and  open*  The  small  white  filter  worm  decreased  with  clogging, 
being  present  in  large  numbers  in  filter  No.  3  but  in  relatively  small 
numb^  in  No.  4  Filter  flies  and  the  red  ^ider  were  found  in  all 
filters,  the  latter  being  present  in  great  numbers,  but  the  operator 
stated  that  he  had  never  seen  the  extensive  web  spinning  observed 
at  some  of  the  other  plants.  Some  other  forms  of  life,  such  as  slugs, 
oocaned  in  small  numbers* 
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At  the  Brighton  plant,  at  Bochester,  N*  T.,  no  liol«  was  dug,  and 
only  ccmditiona  near  the  snriace  observed.  There  was  no  indksatiflD 
of  serious  clogging,  the  Toids  being  well  open.  Filter  flies,  earth 
worms,  and  the  filter  wcHms  were  all  present. 

The  results  acccmipliahed  by  the  filters  are  ahown  in  the  f  oUowiig 
table  of  analyses.  As  with  the  other  devices  the  methylene  Uue 
tests  and  chlorides  results  are  not  tabulated. 

Table  No.  61. — Average  analysee  of  infiitenU  and  effluenU  oj  triekling  fillers  etmdied 

[BiflDltt  in  pvts  pcrmJOioa  eiotpt  M  noted] 


Otty 


Atlanta  (Intrenchment). 
Atlanta  (PMobtiw) . . . 

Baltimore 

Colmnbus 

Fitchborg 

Lexincton 

Reading... 

Bocbester  (Bdi^tra)- 


Average. 


Suspended 

matter 


67 
08 
107 
79 
63 
67 
86 
88 


73 


I 


43 
88 
46 
81 
52 
40 
48 
96 


47 


84 
44 

57 
-2 
17 
40 
44 
82 


84 


Settleable 
8oUda,a 

boors  cc. 
pcrlitar> 


a6 
.2 
.6 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 


Tr. 
Tr. 
Tr. 
Tr. 
Tr. 

3?: 

Tr. 


mmSddffta 
bailing  water 


21 
18 
86 
40 
87 
22 
81 
16 


28 


lao 

7.0 
14.0 
2&0 
19.0 
11.0 
16.0 

9.7 


14.0 


62 
61 
61 
89 
67 
60 
48 
86 


60 


AlkBlinttyM 

OaOO*by 

M.O. 


82 

69 
144 
219 

99 
194 
177 
189 


147 


II 


48LO 

8&0 

68.0 

19SL0 

7.9 

162.0 

105.0 

13L0 


•2.0 


41 
49 
66 
12 
92 
22 
41 
81 


6-dl^UlJ!Utl 

demaxia 


30 
126 
134 
06 
87 
96 
36 


77 


^1 

121 


4.3 

8.3 
14.0 

43.0 

30.O 

•16.0 

30.0 

7.1 


17.0 


81 
89 
70 
79 
70 
73 
80 


18 


i 


88 
18 
8lS 

.4 
&1 

44 
31 


1  Tr.  Indicates  less  tban  Oi  1  o.  e. 

I  Bfflaent  aeoondary  nedlinantitloii  tanks. 

Reductions  in  sui^>ended  matter  run  from  —2  at  Columbus  to  57 
at  Baltimore.  The  Baltimore  figure,  however,  includes  removal  by 
the  fine  screens  located  between  the  tanks  and  the  filters.  V^ry  littk 
importance  can  be  attached  to  the  amount  of  suspended  matter  in 
trickling  filter  effluents  or  the  reduction  in  1^  constituent  effected 
by  them  unless  results  are  available  for  Icmg  periods.  The  amount 
of  suspended  matter  in  the  effluent  and  its  ratio  to  that  in  the  influent 
will  normally  vary  within  wide  limits,  dep^iding  upon  the  state  of 
the  fflter  as  regards  unloading.  The  function  of  the  filter,  as  regards 
suspended  matter,  is  not  to  remove  it  permanently  but  to  hold  it  till 
it  has  been  worked  over  and  oxidized.  The  character  of  the  soHds  in 
the  effluent  is  almost  always  entirely  different  from  that  of  the  solids 
in  the  influent,  and  it  is  this  change  of  character  that  is  important 

The  alkalinity  results  are  interesting  in  showing  the  reduction 
effected  by  the  filters.  An  average  of  39  per  cent  was  removed* 
The  greatest  removal  was  effected  at  Fitchburg  where  the  reduction 
was  92  per  cent.  This  reduction  is  discussed  under  alkalinity  in  the 
section  dealing  with  the  value  o(  various  analyaes.  (Cb.  HI,  p.  lit 
etseq.) 

The  close  agreement  in  the  relative  reduotkxis  in  oaTgan^oonsoHd 
and  oxygen  demand  effected  by  all  the  fflters  is  very  notioeaUe. 
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WUh  the  €Koeption  of  two  plants,  the  reduction  in  ox3^n  consumed 
nynged  witiiin  the  Telatirelj  narrow  limits  of  48  and  61  per  cent,  and 
the  range  for  all  the  plants  f<^  oxygen  demand  was  from  70  to  89 
per  cent.  If,  as  was  planned,  these  filters  are  representative  of  thdr 
tyrpe  at  sewage  treatment  plants  throughout  the  countiy  where  a 
reasonable  amount  of  attention  is  given,  they  have  well  earned  the 
garni  repntati(m  and  standing  which  they  enjoy  at  the  present  time. 

Gmtaet  leds. — ^The  contact  bed  is  one  of  the  eariiest  oxidizing 
deriees,  rq>resenting  ^^  virtually  the  first  Ic^cal  step  in  evolving  an 
inteose  oxidizing  machine  following  plain  tank  treatment.^'  *  It 
eooudsta  of  a  water-tight  tank  filled  with  brok^i  stone  or  other 
««««l^y  material.  Sewage  flows  into  the  bed,  filling  the  voids  in 
the  stime,  and  is  hdd  in  contact  with  the  stone  for  a  period  called 
the  contact  period.  During  this  time  much  of  the  suspended  solids 
deposit  on  the  stone,  and,  in  addition,  colloids  and  some  dissolved 
solids  are  rraioved  by  absorption  or  surface  attraction.  When  the 
sewage  is  withdrawn  from  Hb^  bed,  these  solids  are  retained  in  the 
bed  and  eventually  form  on  the  stones  a  slimy  coating  within  whidi 
great  numbers  of  bacteria  devdop.  As  the  sewage  is  withdrawn, 
air  is  pulled  into  the  bed  and  the  nitrifying  bacteria  in  the  coating 
on  Che  stone  reduce  or  oxidize  the  solids  deposited. 

An  illustrative  cycle  of  operation  for  three  doses  a  day  is  given 
by  Metcalf  and  Eddy  ^  as  follows: 

Hoar 

Tbne  of  fflUng 1.  0 

Hflae  of  contact _ _ _ 76 

Tbne  of  emptying _ 25 

of  resting 1 6.  0 


Time  of  cycle 8.  0 

Tlie  requirement  for  the  time  of  filling  is  largely  to  permit  the 
sewage  to  enter  slowly  enough  to  prevent  breaking  loose  the  coat- 
ing on  the  stone.  Some  of  the  solids  are  removed  during  the  filling. 
Jhmng  the  contact  period  the  solids  and  colloids  are  further  removed 
and  the  oxygen  present  in  the  bed,  in  the  form  of  nitrates  and  nitrites 
in  the  stone  coating,  is  used  up  by  the  sewage.  If  the  contact  period 
is  extended  after  the  oxygen  is  used  up,  putrefaction  will  set  in  to 
the  detriment  of  the  efSuent.  The  time  required  for  emptying  is 
that  sufficient  to  remove  the  sewage  slowly  enough  to  prevent  its 
carTying  away  with  it  the  deposits  in  the  bed.  It  is  during  the  fourth, 
or  resting  period,  that  the  bacteria  in  the  bed  effect  most  of  their 
woiAf  attacking  the  deposits  left  by  the  sewage.  The  entire  cycle 
of  operation  can  be  made  automatic  by  timing  siphons  controlling 
Uie  influent  and  effluent  pipes. 

t  TrmttDtmt  sod  Ditpogal  of  8e«raca.    Hommoii»  Hosklns,  StrMter,  Tarbett,  and  Wi^enhaltyUiiiM 
8tal«i  PdblieHMlth  Senrloe,  Reprint  580. 
'AJMliiBa«irira«iPnodoa»M«tctl/ and  Eddy.    VoLin,p.22|, 
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For  this  type  of  ojddizing  device  one-half  million  gallons  "pet  aoe 
per  day  k  generally  accepted  aa  an  average  nominal  rate.  Gradu- 
ally the  initial  rate  of  a  new  bed  b  diminiahed  by  the  retained  solids 
filling  the  voids  in  the  stone  and  reducing  the  sewage-h(dding  capae- 
ity,  and  eventually  the  material  in  the  bed  must  be  removed  and 
cleaned. 

In  tins  coimtry  the  nse  of  oontaet  beds  is  Hmited^  for  tt»  most 
party  to  relatively  small  installations.  They  freqnratly  are  used  to 
avoid  pumping  the  sewage,  as  the  loss  of  head  throng  them  is  very 
little  compared  with  trickling  filters.  They  have  an  additional 
advantage  of  creating  less  odor  nuisance  than  the  tjidding  filter. 
For  this  reason  they  are  selected  at  some  places  where  the  treatment 
plant  can  not  be  well  isolated.  Their  limited  capacity,  however, 
together  with  the  necei^ty  of  expensive  cleaning,  has  largely  dimi- 
nated  them  at  the  larger  plants  in  favor  of  trickling  filters. 

The  contact  bed  installations,  at  Alliance  and  Canton,  Ohio,  were 
included  in  this  survey.  At  neither  fdant  are  these  operated  duripg 
the  winter,  both  being  shut  down  from  about  December  1  to  May  1. 
At  the  time  of  the  survey  they  had  therefore  been  in  operation,  for 
the  1920  season,  one  to  two  months. 

The  following  table  contains  structural  and  operating  data  of  the 
contact  beds  studied : 

Tablb  No.  52. — Structural  and  operaHon  data  of  contact  beds  studied 


Allianoe,  Ohio 


Canton.  Ohio 


Nnmberofbeds 

Ana  eaofa  bed  (aores) 

Average   treatment   rates 

(tbotisandg.  a.  d.). 
Bottoms 


12.. 

M-. 

873. 


Nature  of  material  in  beds. 


Undeidrainage 

Application  of  inHaent. 
Control 

Preliminary  treatment. 


Some  all  concrete,  others  only  inrtly  con- 
crete. 

4  beds  have  18  inches  slag  H-lVi  inches,  80 
inches  cinders  }i-H  inch;  8  beds  have  48 
inches  cinders  H-n  inch. 

3-inoh  tfle  on  ll>(bot  centers  to  8-13  inch  col- 
lectors. 

Diagonal  dact  filled  with  gravel. 


Aatomatic. 


Filling  period  (hoars) 

Contact  period  (hours) 

Emptylxig period  (hours).. 
Best  period  (hours) 


Imhoff  and  plain  sedimentation  tanks  in 
parallel. 

2H-8  (estimated) 

>f(e8timated) 

2^-3  (estimated) 

4H-<^  (estimated). - 


16. 
656.1 
Concrete. 

Top  6  feet  slag  Hr4  liMh; 
bottom  12  inches  slac  IM^ 
inches. 

«-inoh  half  tile  on  l^U  foot  col- 
ters to  main  drain. 

Diagonal  duct  filled  and  iiv^ 
rounded  witii  gravel. 

Selection  by  hand,  opcnttoB 
oyde  aotomatio. 

Imhoff  tanks. 


8. 


90. 


I  Sixteen  beds  receive  a  total  oM4-16  doses  per  day.    Operating  beds  treat  010,000  gallons  per  acre  per  doik 

The  beds  at  Alliance  are  operated  at  much  higher  rates  than  those 
at  Canton.  It  is  probable  that  they  could  not  maintain  so  hi^  a 
rate  at  Alliance  if  the  operation  was  continuous  throughout  the  12 
months.  They  are,  during  the  warm  weather  months,  followed  by 
intermittent  fine  cinder  filters.  The  beds  at  Canton  were  designed 
to  treat  a  larger  flow  of  sewage  than  the  plant  was  receiving  at  the 
time  of  the  survey,  up  to  6  m.  g.  d.,  or  750,000  gallons  per  acre  per 
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diy.  It  is  questionablei  considering  the  strength  of  the  Canton 
sewage,  whether  this  rate  could  be  attained  and  maintamed  for  Oxe 
entire  year  without  seriously  affecting  the  character  of  the  effluent. 

Investigations  of  the  condition  of  the  material  in  the  beds  gave  the 
f oUovriing  results : 

At  Alliance  several  holes  were  dug,  varying  from  2  feet  deep  to 
the  bottom  of  the  bed.  The  top  6  to  8  inches  contained  much  fine 
material  from  the  cinders,  together  with  considerable  muddy  de- 
posits, the  voids-  being  pretty  well  filled  up.  Below  this  the  voids 
were  more  open,  the  cinders  being  of  fairly  uniform  size  below  the 
top  12  inches.  It  was  noticed  that  the  clogging  was  greatest  in  the 
vkinity  of  the  influent  duct,  decreasing  toward  the  sides  of  the  bed. 

The  small  gray  fly  was  found  in  the  beds.  These,  it  was  stated, 
have  never  been  noticed  except  in  and  in  the  immediate  vicinity  of 
the  beds.  In  a  hole  dug  June  3,  while  a  bed  was  emptying,  enor- 
moiiB  nmnbers  of  red  angleworms  were  found  from  6  to  24  inches 
below  the  top.  Four  days  later,  however,  when  this  hole  was  re- 
opened and  extended  to  ibe  bottom  of  the  bed  only  a  relatively  few 
ai  these  w^Hins  were  found.  Nor  were  they  foimd  in  any  great 
numbeiB  m  any  of  the  other  three  to  four  holes  dug  to  depths  of  2 
feet. 

At  Canton  a  h<de  dug  near  the  influent  duct  showed  considerable 
dogging  to  a  depUi  of  2  feet,  the  voids  being  pretty  well  filled  up 
with  a  gritty  deposit,  probably  small  particles  of  slag  from  the 
filtering  material.  Another  hole  on  the  edge  of  the  bed,  distant 
from  the  influent  duct,  showed  very  little  deposition,  the  voids  being 
open.  No  worms  or  other  forms  of  life  were  observed.  It  was 
stated  that  in  previous  years  swarms  of  small  white  flies  hovered 
over  the  bed  for  the  first  three  to  four  weeks  of  operation  in  the 
spring.  These  flies  were  never  observed  more  than  300  feet  from 
the  beds  and  for  the  most  part  stayed  right  on  or  over  the  beds. 
They  were  worse  the  first  year  of  operation.  None  had  been  seen  in 
1920. 

Hie  analytical  results  obtained  on  the  survey  on  the  influent  and 
eflBaent  of  these  beds  are  given  in  the  following  table: 

Tabui  No.  53. — Average  atudyeee  of  influent  and  effluent  of  contact  beda  etudied 

[Beaolts  in  puts  per  miUloii  except  as  noted) 


City 


matter 


I 


03 


H 


17 
41 


I 


75 
M 


Setlfeable 
toUdtr2 
bonne,  c. 
per  Uteri 


Tr. 

as 


I 


Tr. 
Tr. 


Oxygen  con- 
tamed  SIT  in 
boiling  water 


88 

38 


18 


^1 


83 

63 


Alkalinity  a 

OaCOtby 

M.O. 


193 
343 


» 


167 
354 


^1 


13 
—3 


5^yoiyfea 

demand 


68 

90 


» 


30 
22 


^1 

£e 


71 
76 


a 


2.8 

as 


»»• 


itliMiaia.0. 
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As  discussed  under  trioklmg  filters,  the  suspended  matter  deter^ 
mination  for  the  short  period  covered  by  the  analyses  is  of  relatively 
little  importance,  as  the  function  of  the  bed  is  more  to  oxidize  than 
to  remove  solids.  Contact  beds  do  not,  however,  imload  to  the 
extent  trickling  filters  do,  so  that  the  suspended  matter  determina- 
tion is  of  slightly  more  significance.  The  Alliance  beds  removed  a 
greater  per  cent  of  the  suspended  matter  than  did  those  at  Canton, 
but  they  fell  considerably  below  the  Cauton  beds  m  the  removal  of 
the  oxygen  consumed.  The  removals  of  the  oxygen  demand  constitu- 
ents is  about  the  same  at  both  places,  and  the  residual  demands 
almost  identical.  The  nitrates  in  the  effiuent  at  Alliance  are  con- 
siderably higher  than    at  Canton 

IntemdUent  sand  or  cinder  filters. — This  device  was  found  at  only 
one  plant,  Alliance,  Ohio,  where  it  is  used  only  during  the  hot  summer 
months  and  as  a  finishing  process,  treating  the  effluent  from  the 
contact  beds. 

For  details  of  the  design  and  operation  of  tiie  Alliance  filths, 
reference  is  made  to  the  descriptions  and  discussions  of  this  jAsni. 
The  discussion  here  is  confined  to  a  brief  statement  of  the  prin- 
ciples involved  and  the  position  of  this  device  in  sewage  treatment. 

The  intermittent  fine  filter  is  the  most  complete  oxidizing  device 
employed  in  sewage  treatment,  and  in  addition  the  most  efficient 
clarifier.  In  operation  the  sewage  is  appUed  to  the  surface  of  th« 
filter,  usually  by  flooding  from  a  radiating  trough,  and  passed 
through  the  entire  bed  of  sand  or  other  fine  material,  such  as  ground 
cinders  or  slag.  After  a  dose  of  sewage  has  been  applied  the  filter  u 
allowed  to  drain  and  rest. 

The  suspended  matter  is  largely  strained  out  in  the  upper  layers  d 
the  filter,  and  these  form  here  a  gelatinous  zooglea  mat.  This  even* 
tually  clogs  the  surface  and  has  to  be  removed.  The  greatest  oxidaj 
tion  is  effected  by  the  bacteria  in  the  top  6  to  12  inches  of  the  filta*. 
decreasing  by  each  succeeding  foot. 

In  construction  the  beds  are  usually  4  feet  deep.  The  filtering 
material  is  desirably  as  uniform  as  possible.  Underdrains  usuallj 
laid  3  to  4  feet  deep  at  the  upper  end  and  spaced  every  30  to  40  feei 
should  be  provided. 

Filters  of  this  type  were  originally  used  as  one  complete  process  ii 
treatment,  effecting  both  clarification  and  oxidation.  At  the  prestffl^ 
time,  however,  they  are  generally  preceded  by  a  sedimentation  tani 
or  both  a  tank  and  some  form  of  filter.  In  the  latter  case  they  sen^ 
as  at  AUiance,  as  a  finishing  process  where  an  effluent  of  unusualii 
high  quality  is  desired. 

Because  of  the  high  cost  of  construction  and  operation  and  the 
capacity  of  these  filters  their  use  is  restricted  to  relatively  small  pla 
or  for  use  as  secondary  filters,  except  where  there  are  available  h 
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Qtttoial  sand  areas  which  can  be  converted  to  this  purpose  with 
rdftliTdy  little  expense.  Such  areas  are  available  in  many  parts  of 
th^  Kew*  ikigjUuid  States  and  along  the  Atlantic  coast,  and  it  is  to 
SMtions  that  extensive  nse  of  these  filters  has  been  confined. 

THE  ACnVATED-SLUDGE    PEOCESS 

Hie  activated-shidge  process  is  the  most  recent  promising  develop- 
in  ih»  treatment  of  sewi^e.  In  '^  Sewage  Disposal, "  published 
by  Qemga  W.  Fuller  in  1912,  no  mention  is  made  of  this  process, 
tfacyq^  the  work  of  Col.  W.  M.  Black  and  Prof.  E.  B.  Phelps  for  the 
cilj  of  New  Yoik  in  1910  is  reviewed.  Metcalf  and  Eddy  (1)  credit 
to  Ibis  work  by  Black  and  Phelps  the  first  serious  attention  in  the 
Ibted  States  to  the  aeration  of  sewage  in  tanks. 

In  a  bibliography  on  the  subject  prepared  by  J.  Edward  Porter  (2) 
the  eerliest  reference  in  American  or  foreign  press  is  the  1912  report 
of  the  Maseachusetts  State  Board  of  Health.  The  experiments  referred 
to  in  this  report  were  largdy  preliminary  to  the  present  accepted 
procefls. 

Sfaiee  1912  many  investigators  have  studied  differ^it  phases  of  the 
process,  simplifying  it  and  developing  specially  adapted  apparatus 
and  deragn  features.  The  credit  for  the  discovery  and  developm^it 
of  the  method  has  been  a  subject  of  considerable  controversy.  In  this 
coQsecticm  Einnicutt,  Winslow,  and  Pratt  (3)  gave  as  their  conclusions 
Iheil  Dr.  O.  J«  Fowler,  of  Manchester,  England,  ^'  to  whom  is  due  the 
iirtiel  discovery  of  the  activated  sludge  process"  admitted  that  '^  the 
iUmttmating  idea  which  originated  the  work  was  due  to  a  visit  he  paid 
wfaoBe  in  the  United  States  to  the  Mecca  of  sewage  purification, 
nswJx  the  e3q>eriment  station  at  Lawrence,  in  the  State  of  Massa- 
choaeits.  Nevertheless,  American  engineers  should  reciprocate 
Doetor  Fowler's  graceful  a<^owledgment  by  recognizing  that  none 
of  the  investigaticHis  on  this  side  of  the  water  had  reaUy  brou^t 
Bew^;e  aeration  to  a  state  of  practical  usefulness.  It  was  the  Man- 
chester eiodies,  and  particularly  the  discovery  of  the  effectiveness  of 
piwriooflly  aerated  or  'activated'  sludge  in  promoting  oxidation, 
wfakh  retiilj  gave  us  ihiB  important  method  of  sewage  purification." 

The  most  diaborate  studies  in  this  country  have  been  made  by  the 
vmi^t^gtk  Ocmmiksion  of  Milwaukee.  On  the  basis  of  these  experi- 
aientSy  this  method  has  been  adopted  for  the  sewage-treatment  plant 
t  present  imder  construction  there.  The  studies  are  still  in  progress. 

f^iyi  scale  thorough  tests  have  been  conducted  at  other  cities  in 
iiis  cmtntry  and  in  foreign  countries.  Of  those  in  this  country  men- 
jou  sfaotild  be  made  of  the  Sanitary  District  of  Chicago,  Bl.;  Cleve- 
laady  Ohio;  Baltimore,  Md.;  Brooklyn,  N.Y.;  Champaign  and  Urbana, 
pi.;  Houeton,  Tex.;  Massachusetts  State  Board  of  Health,  and  Worces- 
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ter,  Mass.     This  is  not  a  complete  list,  but  it  includes  most  of  Uie 
more  prominent  tests  of  this  process. 

The  testing  station  at  Urbana,  Bl.,  operated  in  1914,  is  odb  of  ib» 
first  if  not  the  first  exclusively  activatcMj-sludge  plant  in  the  Unit«d 
States.  The  city  reputed  to  have  built  the  first  plant  for  the  entire 
sewage  of  the  municipality  is  San  Marcos,  Tex.,  where  the  Sewer  Co. 
of  San  Marcos  installed  a  plant  in  1915.  Tins  plant  was  one  of  those 
studied  on  this  survey.  At  Houston,  Tex.,  the  two  largest  permaneat 
plants  in  this  country  have  been  operating  since  1917.  These  plants 
were  also  studied. 

Actiyat«d-sludge  treatment  has  been  defined  "as  a  biochenucal 
process  by  which  the  purification  of  sewage  is  accomplished  by  pass- 
ing it  through  tanks,  in  which  sewage  sludge  is  artificially  agitated 
and  intimately  mixed  with  sewage  and  is  supplied  with  the  requisite 
oxygen  for  the  optimum  development  of  countless  numbers  of  nitri- 
fying organisms  incoporated  in  and  adhering  to  the  sludge,  and  the 
final  settlement  of  which  causes  a  distant  clarification  of  Uie  oxidised 
sewage."     (4) 

As  is  the  case  with  other  sewage-treatment  processes,  the  exact 
nature  of  the  active  agents  and  of  the  changes  Involved  is  not  defi- 
nitely known.  Up  to  the  present  time  study  of  the  process  has  beoi 
devoted  lai^y  to  the  mechanical  features  of  the  apparatus  used,  and 
to  the  effect  of  varying  physical  conditions  of  operation.  The  details 
of  the  different  physical,  chemical,  and  biolc^cal  reactions  have  not 
been  determined.  As  a  matter  of  fact,  this  statement  is  largdy  appli- 
cable to  most  of  the  sewage-treatment  processes. 

A  committee  on  nomenclature  composed  of  Dalyn,  Hanunood, 
and  Hatton,  (4)  divided  the  activated-sludge  process  into  the  follow- 
ing treatments: 

(a)  "£kx)nomic  screening,"  later  defined  as  "such  as  may  be  most 
economical  under  the  existing  conditions.  Probably  through  one- 
eighth  to  one-sixteenth  inch  scre^i." 

(h)  "Preliminary  rapid  sedimentation  in  properly  designed  giit 
chambers  where  combined  flow  of  sewage  and  storm  water  must  b» 
treated.  It  is  quite  essential 
gravity,  such  as  sand  and  f 
which  follow."  Grit  is  defii 
soUds  carried  in  the  sewage 
velodty  of  1  foot  per  second. 

Both  of  these  steps  are  pr 
the  activated-sludge  process, 
bar  screen  with  openings  1  im 
sewage-treatment  plants.  In 
where  necessary,  a  preliminary 
as  at  San  Marcos. 


SEWAQE  TBSATMBNT  IK  THB  UNITED  STATES  147 

(e)  "  Thorough  mixing  in  aerating  the  sewi^e  with  aotirated  sludge, 
which  may  be  effected  by  means  of  air,  by  mechanical  mixers,  or  a 
rombiDation  of  both.  In  any  case  suflteient  air  for  oxidation  must 
be  fliq)|>lied  to  tiie  mixture."  Activated  dudge  is  d^ned  as  ''a 
floccolent  sludge  of  medium  l»xiwn  color  enveloped  by  masses  of 
aendne  organisms  possessing  the  power  of  rapidly  oxidizing  and 
nitrifying  sewage,  and  which,  though  of  low  specific  gravity,  settles 
rapidly*"  It  is  further  stated  that  activated  sludge  ''must  be  of 
such  a  flocculent  character  as  to  absorb  the  colloidal  matter  in  raw 
sewage  within  a  contact  period  of  two  hours  and  be  of  a  golden 
bfown  color. " 

(d)  "Sedimentation  of  the  sludge  contained  in  the  admixture  as  it 
passes  from  the  aerating  tank.  This  may  be  accomplished  by  either 
hotisoiktal  or  vertical  flow  sedimentation  tanks." 

(e)  "  The  return  of  a  portion  of  the  settled  activated  sludge  to  the 
raw  sewage  before  or  at  the  time  it  enters  the  aerating  tanks. " 

(/)  ''Beaerating  the  sludge  which  is  returned  to  the  raw  sewage 
in  s^arate  aerating  tanks.  This  may  or  may  not  be  necessary, 
depending  upon  the  diaracter  of  the  sewage  treated  and  the  effluent 
required.''  It  can  be  noted  here  that  this  step  is  omitted  at  San 
Marcos,  Tex.  At  this  plant  iSie  sewage  is  very  weak,  but  an  effluent 
of  very  hi^  character  is  obtained. 

(g)  "Secondary  sedimentation  for  partially  dewatering  the  sepa- 
rated dudge  not  returned  to  the  raw  sewage."  In  smaller  plants 
whore  the  volume  of  sewage  treated,  and,  with  it,  the  volmne  of 
Judge  produced,  is  relatively  small  in  comparison  with  the  area 
available  for  drying  or  other  means  of  disposing  of  the  sludge  this 
leooodaiy  sedimentation  of  sludge  is  not  essential. 

(h)  '^^odge  disposal.  This  may  be  effected  in  several  ways. 
Whae  the  climatic  conditions  are  favorable,  it  may  be  dried  in  beds 
>r  lagoons  in  the  open  or  under  cover,  and  the  residue  used  for 
lUing  in  low  ground,  or  for  fertilizer,  or  burned.  Under  unfavorable 
'limn^^  conditions  it  may  be  pressed  or  centrifuged  and  burned,  or 
tried  by  artifibcial  heat  and  the  residue  used  as  a  fertilizer. " 

Tins  brief  outline  of  the  process  covers  the  essential  princijdes  of 
he  successive  steps  involved.  During  the  past  five  or  six  years 
oany  of  the  details  of  operation  have  been  studied  and  some  conclu- 
ions  fairly  well  established.  The  process  is  safely  beyond  the 
xperimental  stage,  but  probably  has  not  reached  its  final  develop- 
oent.  Hie  problem  of  the  disposal  of  the  tremendous  volume  of 
badge  produced  in  excess  of  that  needed  for  aeration  with  the  sewage 
»  At  the  present  the  greatest  drawback  to  the  method.  This  is 
roe  of  other  methods  of  treatment,  but  its  seriousness  is  increased 
rith  this  method  because  of  the  greater  amount  and  the  character  of 
be  sludge  produced. 
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Durii^  the  survey  it  was,  of  course,  imposBible  to  undertake  any  | 
original  researdi  into  tlie  rariouB  stepa  or  proceeaes  involved.  It ' 
was,  however,  considered  to  be  important  to  study  the  method  i 
imder  normal  operating  conditions.  ResultB  obtained  under  experi- 
mental conditions,  even  where  these  are  on  a  scale  comparable  with 
those  to  be  met  in  a  pennaneot  plant,  do  not  always  ^ve  a  tzut 
indication  of  results  to  be  expected  when  tbe  supervision  and  skilled 
attention  incident  to  experimental  work  are  replaced  by  normil 
operating  sup^viaion.  One  of  the  first  criticisms  made  of  the  acti- 
vated sludge  method  was  t^at  it  required  for  suocesrful  operatum  t 
d^ee  of  skill  and  training  not  likely  to  be  found  in  operators  at . 
sewage-treatment  plants. 

The  advantages  and  disadvantages  clumed  for  the  method  as: 
compared  with  a  combination  of  methods,  such  as  sedimentatioo  i 
and  filtration,  producing  comparable  results  may  be  briefly  sum- 
marized as  follows:  ' 
I.  Advaotagee: 

(a)  The  decree  of  purifieation  obtAJnable  is  high. 

(b)  The  area  required  for  the  plant  is  taaH. 

(fi)  The  initial  coat  of  ooostraction  ia  low.  , 

(df  The  loss  of  head  is  very  slight,  thus  often  eliminating  the  neMs- . 

sity  for  pumping  sewage. 
(«)  It  Is  odorless  (this  claim  may  not  apply  to  the  dispoaal  of  tbr' 

sludge). 
(/)    The  sludge  produced  is  higher  in  nitrogen. 
II.  Disadvantages: 

(a)  The  volume  of  sludge  to  be  handled  is  greatly  in  excess  of  that 

produced  by  other  methods. 

(b)  The  character  of  the  sludge  renders  huidUng  more  difficult.  ' 
<c)  Operating  ezpoisea  are  hi^.  I 
(d)  Tlkere  is  much  mechanical  equipment  to  operate  and  maintain.' 
(b)   Temporary   neglect,  resulting  in  poor  sludge,  requires  coa-i 

siderable  time,  10  days  to  3  weeks,  to  remedy,  the  plant' 

meanwhile  producing  a  poor  effluent.  I 

(J)    Industrial  wastes,  especially  bactericidal  chemioala  destroy  tbel 

purification  cyde.  I 

In  addition  to  the  above  fairly  well  accepted  advantages  and  dis-' 
advantages  there  are  others  more  ( 
reduction,  found  in  many  instances 
per  cent,  is  without  doubt  a  favorabi 
have  been  obtained  wi^  trickling  : 
not  sufficient  in  cases  where  disinfec 

George  G.  Nasmith  (5),  in  a  paper 
of  Canada,  held  that  the  activated 
small  communities  or  large  institutii 
is  highly  desirable.    This  was  disput 
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*^rlio  had  obtained  faTorable  results  froni  seyeral  small  plants  in  the 
Pl>ovinoe  of  Ontario. 

R.  O.  Tyler  (6)  stated  that  power  costs  mnst  be  low  and  at  least 
1  iii^.d«  of  sewage  treated  for  this  method  to  be  economical  for  small 
ciUeB.  The  limit  of  1  m.g.d.  woiQd  largely  limit  the  method  to  cities 
at  over  10,000  to  12,000  population. 

There  are,  however,  some  groundsf  or  questioning  the  adrisability 
of  emphasiiang  features  of  economy  and  automatic  operation  in 
designing  sewage-treatment  plants  for  the  smaller  towns  and  in- 
stitutions. In  places  where  sewage  treatment  is  not  of  sufficient 
moment  to  warrant  a  capable  operator,  the  tendency  of  entirely 
n^ecting  the  plant  and  relying  upon  the  automatic  features  is  too 
oommon.  Economy  in  maintenance  and  operation,  which  is  generally 
carried  to  an  extreme  in  small  plants,  is  not  real  economy. 

With  the  activated  sludge  process  it  is  conceded  at  the  beginning 
that  the  mechanical  apparatus  requires  a  daily  inspection  of  the 
plant.  At  San  Marcos,  Tex.,  this  has  been  sufficient  as  a  routine 
to  insure  a  reiy  high  grade  effluent. 

Tliare  are  too  many  small  plants  operating  at  nearly  zero  efficiency 
because  they  are  ''absolutely  automatic,"  but  these  plants  are  not 
eccmomic  successes  because  they  do  not  cost  anything  for  mainte- 
nance or  operation.  The  main  expense  for  the  operation  of  an  "  auto- 
matic" system  is  labor,  but  for  the  activated  sludge  system  it  is 
power.  It  is  easy  to  reduce  the  pay  or  dispense  entirely  with  the 
services  of  the  labor  and  still  maintain  that  the  ''automatic"  sewage 
plant  is  operating.  But  dispensing  with  power  at  an  activated 
sludge  plant  is  equivalent  to  abandonment  of  the  plant. 

In  addition,  at  small  plants  the  disposal  of  sludge,  which  is  the  big 
difficulty  holding  back  the  adoption  of  the  activated  sludge  method, 
is  not  such  a  serious  problem,  even  in  a  relatire  sense.  While  the 
quantity  produced  per  million  gallons  of  sewage  may  be  the  same  in 
a  small  as  in  a  large  plant,  the  total  volume  is  so  much  less  that 
disposal  methods  economically  impossible  at  large  plants  may  be 
perfectly  feasible  at  small  plants. 

The  development  of  a  new  process  opens  an  imlimited  field  for 
variations  of  design  and  operation  by  different  investigators.  Up 
to  the  present  time  these  have  not  become  standardized,  though 
several  details  have  become  fairly  well  established.  In  this  countiy, 
for  instance,  the  weight  of  opinion  is  in  favor  of  filtros  plates  as  air 
diffusers;  the  principle  of  continuous  flow  instead  of  fill-and-draw 
is  so  thoroughly  established  that  only  exceptional  local  conditions 
justify  the  use  of  the  latter  method  of  operation. 

In  the  following  table,  factors  of  design  and  operation,  so  far  as 
they  were  obtainable,  for  the  plants  surveyed  are  given,  and,  for 
comparison,  data,  more  or  less  complete,  on  other  plants,  especially 
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the  more  recent  ones,  are  included.  Much  of  the  information  was 
taken  from  a  digest  bibliography  on  actiyated  sludge  by  J«  Edward 
Porter  (2).  Wherever  possible  the  original  articles  were  consulted. 
The  plants  given  for  comparison  do  not  constitute  a  eotnfisfie 
list  of  experimentali  permanent,  or  proposed  plants.  &nall  test 
units  to  study  the  theory  of  the  prooess,  are  not  induded.  Otiiers 
of  comparable  importance  with  some  of  those  listed  were  omitted 
because  adequate  information  conc^ning  them  was  not  available. 


Table  No.  54. — Features  of  design  and  operation  of  actxvated-dudge  plants 


City 


h 


Prelimiiiflry 
treatment « 


'I 


OS 

o 


S 
S 


Aeratiofi  tank 


§1 


5| 


>! 

"5 


Houston  (north  side)  (7) 

Houston  (soath  side)  (7).. 

Ban  MarooB,  Tex.  (7) 

Sberman*  Tex.  (7) 

Ban  Annlo,  Tex.  (8). 

Des  Plaines  River,  lU.  (0). 

Worcester,  Mass.  (10) 

Pandena,  Oalif.  (U) 

Syracuse,  N.  Y.  (U) 

Cliampaign,  HI.  (U) 

CleTeland,  Ohio  (li) 


P 
P 
P 
P 
P 
D 

B 

E 
E 

E 

E 


( 


•  lao 

•&.0 
•.2 

•.S3 
».4 
3 

.126 
.06 


i 


.144-1 
.216 

.280H 
.470 


M 
M 

P 
M 

P 
O 
M 

M 
M 

M 


N.B. 

S. 

8. 

N.B. 

B. 

B. 

1.8. 

8. 
8. 

8. 

8.1. 


X 
X 


^ 


X 

X 

X 
X 

X 
X 


X 

X 

X 
X 

X 
X 


280 
146 
900 


18 
18 

as 

8 


80 

60 
IS 

lOkltt 


7.8-lS 

4.7 

8 
4 

1.S 

as 


fl.75 

IS 
12 

Ifll  15 

VLhk 

10 
1«£ 

ai 

US 


City 


Houston  (north  side) 

(7). 
Houston  (sooth  side) 

(7). 
San  Marcos,  Tex.  (7).. 

Sherman,  Tex.  (7) 

San  Anselo,  Tex.  (^.. 
Des  Plaines  River,  111. 

(0). 
Worcester,  Mass.  (10). 

Pasadena,  CaUf.  (11).. 
Syracuse.  N.  Y.  (12)... 
Champaign,  Dl.  (13)... 
Cleyeland,  Ohio(14).■ 


Sedimentation  tank 


I- 
55 


40 
20 


} 


1 
2 
1 

12 

1 

2 
1 
1 
1 


9 


1&8 

1&8 

20 

28.4 

20 

2« 


14 
16 

4 

ia6 

30 


=1 

Hi 


10 

10 

10 

21.0 

18 

24 


diam. 


6 
4 

6 
9.8 


«9 


2218 
22L8 

26 

16.2 

26 

/Ifct^ 
\10.25 

7d± 


16^ 

11 

30 


Reaeration  tank 


!■ 


4 

2 

0 
2 


} 


Si 


884 
884 


230 


1        12 


12 

4 

36 

30 


r- 


la 


3.9 
8-0 


7.6 
&3 

6 
4 

3.2 
9.3 


las 
las 


12 


10 
ILfid: 

10 
13:1: 
0.6 

17.3 


O 

o 

o 
o 

DayO 
C 
0 

O 
0 
O 
O 


Wt... 

...do... 

...do 

...do... 

FOt.. 

...do 


...do 

Pipe.. 
Fift.. 
...do.. 


7.5 

7.6 

1L4 

ao 


{ 


&7 
&0 
&2 

as 


r 


17 
S6 

•la 


Ll-40 


ip .permanent  plant.    E -experimental.    D-designedbntnot  built  by  January,  1031. 
>I -industrial  or  institutional.    M -municipal.     P-private. 

*  I  -industrial  wastes.    N  -night  soil.    8 -sewage. 

*  X  indicates  presence. 

•  Design  basis. 

•  As  operating. 

y  Sanitary  District  of  Chicago. 

•  Illinois  State  Water  Survey. 

*  C-ooutlnuous, 
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Taxls  No«  64. — Features  of  design  and  operation  of  adivatedsltidge  planls — Con. 


City 


Hoortoo  (north  rid<) 

BoiBtoci,  (aoothaide) 

BukManos/Tn^i 
Bhvflna.   Tax. 


an  Aiifalo,  Tex.  (8). 
Dm  Plilfif  Rtvcr, 

Wmtattm,  Mail. 


GottBipMKil*  ^  Cw* 
Cle*ribDd.Obio(U). 


I 
II 

if 

00 


60 
70 

00-iao 

•40 


100-176 


94-«7 

40-07 


o 

0 

O 


• 

p; 


4 

0 
•15 


8-&5 
(7) 


Ll-4.6 


e 

I 

a 
8 

2 


15-35 
30 


10-ao 
lo-ao 


35-34 


I 


& 


1.5 

1.7 

1.8 
4.1 


1 7-8.0 
LO 


3 

.  74-1. 30 


110 
124 
112 

ao7 


128-375 
65 


160 
80-141 


I 


.1 


a 


>  33 

122 

•15 
•8 


»-18 

I8L5-15 

13 


13-20 
20-75 


if 


2 

1.5 

.2 
.3 


075-.125 
.05 


.28-.48 


f: 

-a. 


LorT. 

P.D. 

L 


B.. 
A., 


C.D.P.T. 

B.  P.  T. 

B.T... 


B.P.D.O. 
B.T.P.C. 


SewifiB 
treated  per 
square  root 
sedimenta- 
tion tank, 

gallons 


De- 
li^ 


1,330 
1,330 


1,917 
1,910 


Oper- 
ation 


1,064 

800 

1,000 

540 

1,100 


500 


•Aaoperatiog. 

*•  Ak>  Mctorespfodoets  of  oobie  feet  free  air  per  oubio  foot  of  sewan  by  feet  of  air  sabmernnoe.    When 

ibiiMriied  Hffure  was  not  known  it  was  assomed  to  be  depth  of  tank,  less  l^feet  free  board. 

a  jUadfloBonintostiesm;  B»beds;OBoeotrifi]9e;  I>=arier;  LaOBfoons;  F^ptesses;  TaoQiicentntion 


It  is  difficult  and  scmietimes  impossible  to  arrange  in  tabular  form 
data  published  from  expmmental  plants.  The  design  and  methods 
of  operating  tiiese  plants  are  so  changed  and  varied  during  the  tests 
that  a  correct  statement  of  dimensions  and  operating  factors  are  pos- 
atUe  only  with  a  confusing  number  of  footnotes  or  explanatory  para- 
graphs. In  the  following  discussion  of  individual  items  in  the  table, 
data  from  some  plants  not  listed  are  included. 


PRSLIMINART   TRSATMSNT 


Orii  chambers. — There  is  a  general  agreement  among  engineers  and 
operators  that  heavy  inorganic  solids  must  be  excluded  from  the 
aeration  tank.  Where  the  sewage,  therefore,  contains  any  appre- 
ciable amount  of  grit,  grit  chambers  must  precede  the  aeration  tank. 
Grit  in  the  aeration  tanks  will  either  settle  over  and  clog  the  air 
diflhisers,  preventing  uniform  and  thorough  agitation  and  aeration, 
or  will  necessitate  the  use  of  an  extravagant  amount  of  air. 

Messrs.  Dalhyn,  Hammond,  and  Hatton  (4)  include  as  part  of  the 
activated  sludge  process  '^  preliminary  rapid  sedimentation  in  prop- 
erly designed  grit  chambers  where  combined  flow  of  sewage  and 
storm  water  must  be  treated.  It  is  quite  essential  to  prevent  detritus 
of  heavy  specific  gravity,  such  as  sand  and  gravel  from  reaching  the 
treatments  which  follow." 

llie  elimination  of  grit  as  preliminary  to  sedimentation  is  well 
estaUi^ed,  but  its  presence  is  even  more  undesirable  in  aeration 
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tanks  than  in  sedimentation  tanks.  Of  the  plants  listed  above  only 
two  are  not  provided  with  grit  chambers,  and  these  have  presedimeiK 
taUon  tanks. 

Coarse  screens. — These,  which  are  considered  to  include  all  screeo- 
ing  devices  with  openings  larger  than  one-half  inch,  are  in  the  same 
class  as  grit  chambers.  They  serve  to  remove  large  particles  whidi 
are  not  amenable  to  tank  treatment,  interfere  with  the  aeraticm 
process,  and  admit  of  more  economical  disposal  if  handled  by  them- 
selves. 

Fine  screens. — On  the  value  of  fine  screens  there  is  less  agreement. 
Hatton  (15)  as  a  result  of  the  Milwaukee  tests  advocates  the  use  of 
fine  screens.  ''We  found  at  Milwaukee  we  could  save  from  15  to  20 
per  cent  air  when  treating  a  sewage  passing  a  20-mesh  screen  as  com- 
pared with  the  same  sewage  passing  a  1-inch  grid  screen. ''  He  also 
found  it  helped  smooth  plant  operation.  The  reasons  for  the  fine 
screens  may  be,  however,  largely  local.  ''  The  diaracter  of  sewage 
produced  in  Milwaukee  creates  in  the  aerating  tanks  large  masses  of 
hair,  lime,  entrails,  leather  findings,  pieces  of  hide  and  back;  theee 
are  constantly  deposited  upon  the  surface  of  the  diffuser  plates, 
interfering  with  their  efficiency  and  stopping  up  the  orifices  to  sludge 
pumps.''  (15)  Where  a  purely  domestic  sewage  is  to  be  treated  by 
the  activated-sludge  process,  the  author,  Hatt<Mi,  is  not  so  sure  that 
such  fine  screening  is  necessary.  He  believes  that  a  three-sixteeiitb- 
inch  slotted  screen  is  fine  enough  for  any  sewage. 

Pearse  (16)  concluded  from  his  experiments  at  the  Chicago  Stock- 
yards  that ''  the  use  of  the  fine  screen  (20-30  mesh)  seemed  adviaaUe 
to  remove  much  comparatively  inert  material  which  is  slow  to  oxi* 
dize.  The  runs  made  with  a  screen  did  not  appear  to  differ  greatly 
in  character  of  effluent  from  those  without.  The  coarser  material, 
however,  deposited  in  various  undesirable  places,  when  the  screen 
was  not  used,  and  additional  air  was  required  to  keep  it  in  suq>en- 
sion."  These  conclusions  apply  to  the  treatment  of  stocky tfd  wastcfi, 
but  the  design  for  the  Des  Plaines  River  plant  prepared  by  and  under 
the  direction  of  Mr.  Pearse  and  treating  domestic  sewage  provides 
for  fine  screening. 

G.  B.  Gascoigne  (17)  questioned,  from  the  results  obtained  it 
the  Cleveland  activated  sludge  testing  plant,  the  necessity  or  economj 
of  fine  screens.  The  sewage  treated  at  this  plant,  while  fairly  strong; 
has  its  solids  in  finely  divided  state  as  a  result  of  long  travel  in  the 
outfall  sewer. 

None  of  the  plants  visited  on  this  survey  had  fine  screens  with  the 
exception  of  San  Marcos,  which  has  a  one-fourth-inch  mesh  over  the 
outlet  pipe  of  the  septic  tank  which  precedes  the  aerating  tanks. 
Other  plants  in  this  country  and  abroad,  both  experim^ital  and 
permanent,  are  operated  for  the  most  part  without  fine  screens. 
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The  advisability  and  economy  of  fine  screens  as  preliminary  treat- 
meot  to  the  activated-sludge  process  does  not  appear  to  be  definitely 
proved,  at  least  not  for  universal  application.  For  large  installations 
•od  when  the  solids,  especially  those  from  industrial  wastes,  are  large, 
the  fine  sciedlis  may  pay  for  themselves.  But  it  is  questionable 
whether  their  installation  would  be  an  economy  at  the  average  plant 
beating  domestic  sewage. 

Prdiminary  8€dime7Uati4m. — This  has  not  been  considered  f  avc^ably 
bj  many  investigators.  The  activated-sludge  process  has  been 
Tieired  as  a  complete  process  in  itself,  performing  the  functions  of 
both  clarification  and  oxidation  or,  as  at  Cleveland,  only  clarification. 
With  the  ability  of  the  process  to  p^orm  both  of  these  functions 
0DC8  well  established,  investigation  has  turned  to  the  disposal  of  the 
by-product,  the  large  amount  of  sludge.  This  sludge  is,  for  sewage 
dodges,  so  relatively  high  in  nitn^en  that  the  development  of  an 
eeoQomically  practical  method  for  utilizing  the  value  of  this  nitrogen 
ID  the  disposal  of  the  sludge  has  been  the  object  sought  by  most 
ifiveet^gators. 

With  this  idea  foremost,  the  hse  of  preliminary  sedimentation  has 
been  discounted.    Hatton  stated  (15) : 

IVeliiiiixiary  sedimentation,  in  lieu  of  fine  screening,  is  not  applicable  to  the  aotl- 
vaM-dudge  process  if  the  sludge  is  to  be  disposed  of  finally  as  fertilizer.  The 
dudgB  from  such  a  tank  contains  very  little  ammonia,  is  hard  to  handle  and  mix 
with  activated  sludge,  and  when  mixed  adds  to  its  weight  without  adding  oorre- 
wpomting^y  to  its  value;  whereas,  fine  screenings  contain  almost  as  much  available 
oitrogBQ  as  the  activated  sludge,  can  be  easfly  mixed  with  it  in  the  dryer,  and 
increase  the  value  of  the  mixture  to  a  proportionate  extent. 

While  many  experiments  have  be^i  encouraging,  giving  promiM 
of  economic  methods  of  disposing  of  surplus  activated  sludge  as 
a  filler  w  fertiliser  with  a  revenue  at  least  equal  to  the  cost  of  handling 
the  shidge,  and  possibly  more,  there  is,  at  this  time,  no  activated- 
dodge  plant  actually  disposing  of  its  sludge  through  this  channel. 

The  majority  of  the  pennanent  jdants  at  present  operating  in  this 
country  are  small,  and  produce  too  little  sludge  to  justify  the  instal- 
lation of  an  eccpensrve  plant  for  its  preparation  as  a  fertilizer  base. 
For  plants  of  this  size  the  use  of  a  preliminary  sedimentation  tank  to 
mnove  most  of  the  setUeable  solids  before  aeration,  and  possibly  to 
serve  as  a  digestion  tank  for  excess  activated  sludge,  is  worthy  of 
ocmsideration*  By  this  tank  the  sludge  would  be  prepared  for  drying 
on  beds  and  the  total  volume  to  be  handled  greatly  reduced.  With 
such  an  atrangement  the  aerating  tank  practically  replaces  a  trickling 
filter  or  other  oxidizing  devices. 
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ABHATION  TANKS 

After  the  period  of  retention  In  the  aemtiag  Uaik  and  the  volume  of  liquor  to  he 
treated  are  decided,  the  tanlts  should  be  bo  proportioned  aa  to  give  the  grateat 
length  of  flow  poadble  without  waateful  lue  of  piping  and  oonorete.     (15.) 

The  predominating  shape  of  aeration  tanks  is  long  and  Darrow. 
In  many,  the  length  is  obtained  by  longitudinal  baffles  diverting 
the  flow  back  and  forth  two  to  four  or  fire  times.  Of  the  pl&nt! 
listed  in  the  preceding  table  the  ratio  of  width  to  length  variw 
from  1  to  3  to  1  to  38,  taking  in  the  extremes  represented  by  the 
experimental  unit  at  Syracuse,  N.  Y.,  and  the  pennanent  plant 
at  San  Marcos,  Tex.  The  two  plants  at  Houston  and  the  one  at 
Milwaukee  have  the  same  ratio,  about  1  to  15.5  With  the  excep- 
tion of  the  small  experimental  tanks  at  Syracuse  and  the  one  at 
Cleveland,  which  latter  was  designed  for  clarification  only,  the  ratio 
of  1  to  15.5  is  the  lowest  of  any  plant  listed  in  the  table. 

Some  testa  have  been  run  with  circular  tanks  at  Baltimore,  Md.] 
where  an  existing  Imhoff  tank  was  used,  at  Milwaukee  during  the 
early  tests,  and  other  places,  but  tly  opinion  now  is  predominanlN 
in  favor  of  rectangular  tanks. 

In  the  above  table  the  Milwaukee  tanks  provide  the  grett«^ 
effective  depth,  with  those  at  Cleveland  only  6  inches  sh&llower. 
This  depth  was  adopted  at  Milwaukee  as  a  result  of  tests  made  iritti 
a  10-foot  and  a  15-foot  tank  run  in  parallel.  Eddy,  Falee,  OopelaDd 
Ferebee,  and  Hatton  (18),  on  the  basis  of  the  results  obttiiteii 
reached,  among  others,  the  following  condusions:  I 

There  was  a  slight  difference  in  favor  of  the  15-foot  depth  of  tanks,  not  taioM 
into  consideration  the  extra  coat  of  oompresHing  the  air  for  a  IMoot  depth  ot 
liquor  over  tfaat  for  a  10-foot  depth. 

The  Sanitary  Distriot  of  Chici^ 
River  plant,  provides  both  10  i 
the  relative  efficiency  of  these  d* 
For  the  m<Mt  part  the  depths  t 
to  10  feet. 

The  use  of  filtros  plates  as  aii 
country.  Some  investigators 
perforated  pipe,  but  where  thesi 
porous  tile,  wood  blocks,  and  fil 
verdict  has  been  in  favor  of  t 
important  studies  of  diffusers  wei 
land  at  Milwaukee  and  Bartow  a 

A  number  of  mechanical  agit 
with  varying  success,  but  none 
tion  aa  a  substitute  for  the  air 
offer  a  possible  field  for  future 
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ated  that  only  a  small  per  cent  of  the  air  used  m  the  aeration 
is  necessarj  for  the  oxygen  taken  up  by  the  sewage,  and  that 
bulk  of  the  air  is  of  value  purely  for  agitation.  Haworth  (20) 
ibed  a  mechanical  agitator  used  in  tests  at  Sheffield,  England, 
absorption  was  the  only  source  of  oxygen  for  the  sewage, 
question  is  largely  one  of  efficiency  and  economy,  with  the  best 
Iridence  so  far  in  favor  of  air  diffusers  as  against  mechanical 
igitatioD. 

The  lidge  and  furrow  or  saw-tooth  bottom  is  almost  standard 
tut  plants  in  which  the  aeratii^  chamber  is  wide  enough  to  provide 
for  two  or  more  filtros  plates.  The  hopper  bottom,  each  hopper 
eoatiining  one  plate,  is  a  modification  of  the  ridge  and  furrow  bot- 
tom, the  main  idea  being  to  confine  all  flat-bottom  surface  upon 
fdiich  sedimentation  is  likely  to  occur  to  the  area  occupied  by  the 
filtros  plates.  The  slopes  on  the  ridges  should  be  adequate,  1  to 
1 ;  or  to  1 .5,  to  prevent  any  accumulation  of  sludge.  Some  good  results 
have  been  obtained  in  tests  with  flat-bottom  tanks  using  mechanical 
dericeB  to  prevent  sedimentation  of  sludge,  but  their  use  so  far  has 
been  deddedly  the  exception. 

Hie  ratio  of  air  djffuaers  to  tank  surface  as  given  in  Table  No. 
54,  shows  fairly  wide  variation.  Hatton  (15)  stated:  '^The  econom- 
ical ratio  depends  largely  upon  the  type  of  aerating  tanks  used  and 
the  character  of  effluent  required."  In  1917  he  had  designed  the 
Milwaukee  pennanent  tanks  on  a  1  to  6  ratio,  but  a;s  a  result  of 
subsequent  experiments  changed  to  1  to  4.5.  The  Cleveland  experi- 
mental units  in  1916  were  designed  with  a  1  to  5  ratio  in  spite  of  the 
fact  that  clarification  only  was  sought.  For  the  most  part  the 
ratios  are  higher,  running  around  6  to  8.  The  San  Marcos  plant 
with  a  ratio  of  only  1  to  11.4  produces  an  exceptionally  good  effluent, 
but  the  sewage  is  very  fresh,  unusually  weak,  and  is  presettled  before 
being  aerated.  In  England  the  ratios  run  lower  than  in  this  country, 
two  plants  at  Manchester  having  ratios  of  1  to  10  and  14. 

The  capacity  of  the  tanks,  upon  which  the  aeration  period  largely 
depends,  is  generally  designed  to  give  aeration  periods,  on  a  total 
displacement  basis,  of  from  2^  to  8  or  10  hours,  for  sewages,  and 
longer,  up  to  20  hours  where  there  are  large  amounts  of  industrial 
wastes.  From  results  obtained  in  the  Milwaukee  tests,  Hatton, 
Eddy,  Fales,  Copeland,  and  Ferebee  (18)  agreed  that  "with  properly 
baffled  tanks,  4  hours  on  domestic  sewage  would  probably  be  all 
that  was  required."  For  Milwaukee,  the  units  designed  provide 
for  6  hours  aeration  under  normal  flow.  This  is  for  operation  with- 
out reaeration  of  the  sludge.'^  Pearse  (16)  found  at  the  Chicago 
Stockyards  that  during  the  same  period  of  the  year  he  obtained 
about  the  same  results  with  9-hour  aeration  without  reaeration  as 
he  did  with  6.6  hours  aeration  with  reaeration.    In  the  test  at  Qeve- 
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land,  Pratt  and  Gascoigne  (14)  report  aeration  periods  as  low  as 
1.1  hours  where  reaeration  was  used,  but  in  these  tests  clarificatioo 
was  the  main  result  sou^t.  As  a  result  of  their  tests  they  condoded 
tiiat  an  average  of  3  hours  would  aecomfdish  the  results  desired. 
Three  and  one-half  hours  is  sufficient  at  San  Marcos  to  produce  a 
highly  oxidized  stable  effluent  fnmi  a  weak,  fresh,  presetUed  s^rage. 

While  6  hours  is  a  faiiiy  representative  figure  to  use  in  genend 
discussion,  it  may  vary  considerably  both  ways,  depending  upon  the 
character  of  the  raw  sewage,  the  degree  of  purificatioii  desired,  the 
temperatiu-e,  the  amount  of  sludge  returned,  and  the  yolume  of  air 
used. 

It  has  been  found  in  comparative  tests  that  an  8-hour  aeratioQ 
period  requires  only  about  half  as  mudi  air  as  a  44iour  period.  Air 
is  used  for  two  purposes,  first,  to  provide  oxygen  required  for  the 
reduction  of  the  organic  matter  in  the  sewage,  and  second,  for  agita- 
tion. The  amount  of  air  necessary  is  determined  by  the  lattcar 
requirement,  as  only  a  v^y  small  part  of  the  available  oxygen  id 
the  air  is  used  by  the  sewage.  Crawford  and  Bartow  (21)  found  the 
oxygen  used  by  sewage  to  be  5  per  cent  of  that  available,  and  Eddy 
(22)  found  only  10  per  cent  of  the  oxygen  disappearing  from  tiie  air 
used  with  strong  tannery  wastes. 

Eddy  (22)  gives,  as  a  general  statement — 

Where  aeration  is  carried  out  in  continuous  flow  tanks  of  10  to  15  feet  dofytii, 
with  area  of  diffuser  plates  in  proportion  of  1  to  6  of  tank  area  and  a  period  (tf 
agitation  of  about  6  hours,  t^e  quantity  of  air  may  l>e  about  aa  foUows: 


For  rather  weak  domestic  sewage , LO 

For  strong  municipal  sewage  containing  considerable  industrial  wastes  not 
particularly  detrimental  to  bacterial  life ,  15 

For  weak  municipal  sewage  containing  considerable  industrial  wastes  some  of 
which  are  detrimental  to  bactmal  life  as,  for  instance,  add  iron  wastes 2  0 

For  strong  municipal  sewage  containing  considerable  industrial  wastes  some 
of  which  are  detrimental  to  bacterial  life  as,  for  example,  acid  iron  wastes..,  4  0 

For  municipal  sewage  containing  sufficient  industrial  wastes  not  speoifieaDy 
inhibitive  of  bacterial  life  to  decidedly  influence  the  comx>08ition  of  Ilia 
sewage,  e.  g.,  packinghouse,  tannery,  etc .  aO 

Strong  packing  house  waste.. iO 

Strong  tannery  wastes  containing  a  very  large  proportion  of  colloids  but 
settled  before  aeration tO 

In  the  majority  of  activated  plants  provision  has  been  made  for 
the  aerating  alone,  or  the  reaerating,  of  the  sludge  b^ore  its  additioo 
to  the  raw  sewage.  The  reaerating  tanks  are  generally  of  similar 
construction  to  the  aerating  tank^  though  this  is  not  essential. 
Unless  special  provisions  are  made  for  air  control,  however,  tlie 
deptii  of  the  two  tanks  must  be  the  same  or  the  air  will  take  the  padi 
of  least  resistance  through  the  more  shallow  tank. 


FIG.  31.— INTERIOR  VIEW  OF  REAERATION 
TANK  AT  THE  NORTH  SIDE  PLANT  AT 
HOUSTON.   TEX. 


NE  SCREENS  AT   BALTIMORE.   I 
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BBABRATINQ  tAJiKB 

Theste  b  some  difference  of  opinion  regarding  the  valne  of  reaerat- 
ing  slndge  between  ita  removal  from  the  sedimentation  tank  and  its 
addition  to  the  raw  sewage.  Hatton  (18)  is  not  including  reaeration 
tanks  in  the  design  of  the  permanent  Milwaukee  plant. 

It  to  hoped  that  by  reaerating  the  sludge  the  aerating  capacity  might  be  re- 
doeed,  due  to  a  ridier  dudge,  bat  our  experimentB  indicated  that  this  was  not  a 
foet»  at  least  to  the  extent  of  wananting  us  in  ixroviding  extra  tankage  and  air 
f or  reaoratiatL 

On  the  other  hand  Pearse  (16)  reports  a  probable  saving  of  20 
per  cent  of  tank  volume  by  reaeratiog  together  with  a  reduction 
in  the  period  of  aeration  and  a  slight  saving  in  air  consumption. 
At  the  Des  Flaines  River  plant  of  the  Sanitary  District  of  Chicago 
(19)  provisions  are  made  to  test  the  value  of  reaeration  for  local 
eondilioDs  and  the  tanks  are  so  designed  that  with  minor  modifica- 
tions they  can  be  included  or  omitted* 

Three  of  the  four  plants  studied  on  the  survey  employed  reaeratkm. 
At  Hoostcm  one-third  of  the  air  was  used  in  this  tank  and  the  deten- 
tion period  was  over  twice  tJiat  in  the  aeration  tank.  At  Sherman 
the  shu^  was  reaeratedi  but  there  were  available  no  data  r^arding 
the  operation  of  the  reaeration  tank.    At  San  Marcos  reaeration  was 

BSDmSNTATION  TANKS 

On  leaving  the  aerating  tanks  the  sewage  witii  the  contained 
activated  sludge  passes  to  sedimentation  tanks  for  separation  of 
the  shidge  from  sewage. 

These  tanks  must  provide  a  detention  period  long  enou^  and 
surface  area  adequate  for  the  sludge  to  settle;  must  have  sufficient 
depth  to  prevent  the  shidge  being  carried  out  with  the  effluent;  and 
must  provide  means  for  the  removal  of  sludge. 

The  detention  periods  as  given  in  Table  No.  64  vary  from  24 
minutes  at  Champaign,  HI.,  to  nearly  3  hours  at  Wcnrceeter.  Hatton 
(15)  stated  in  1917,  ''the  detention  period  may  be  from  30  to  50 
minutes  according  to  the  diaracter  of  the  sewage."  From  later 
tests  he  oonduded  that  to  obtain  concentration  at  least  1  hoiur  should 
be  allowed  for  settlii^  and  that  the  maximum  velocity  of  flow  should 
not  exceed  1.5  feet  per  minute.  Pratt  and  Gascoigne  (14)  tested 
periods  as  low  as  35  minutes  without  claiming  to  have  reached  the 
lower  limit.  The  corresponding  velocity  was  1  foot  per  nunute. 
While  the  shorter  periods  are  effective  under  normal  conditions,  the 
effect  of  operation  during  cold  weather  or  with  underaeration  is  to 
produce  a  voluminous  fluffy  sludge  requiring  longer  periods  for 
renewal.  Alvord,  E!ddy,  and  Fuller  (23)  placed  1  hour  sedimenta- 
tioD  under  maxinmm  flow  as  basic. 

Considerate  attention  has  be^i  given  to  the  depth  of  the  sedi- 
mentation tanks.    The  Milwaukee  tests  indicated  for  local  conditions 
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a  miniTniiTTi  requirement  of  15  feet.  Because  of  the  lightness  of 
the  sludge  it  is  very  susceptible  to  changes  in  the  rate  of  flow,  and 
the  volume  occupied  by  the  sludge  is  dependent  on  its  condition. 
The  data  at  present  available  indicate  a  minimum  depth  of  1 5  feet 
For  the  most  part  the  sedimentation  tanks  have  been  deeper  in 
order  to  provide  hopper  bottoms  for  concentration  of  the  sludge  to 
the  point  of  removfd.  The  slopes  on  these  hoppers  must  be  ste^ 
to  prevent  deposition  and  septic  action*  Pearse  (16)  found  that,  to 
prevent  this,  the  slopes  should  be  about  2  vertical  to  1  horuEontAL 
At  Houston  slopes  of  about  1^  to  1  at  the  south  side  plant  were 
changed  to  more  than  2^  to  1 ;  those  at  the  north  side,  however,  were 
leftatllitol.  At  San  Marcos  the  sedimentation  tank  was  remodeled 
to  give  bottom  slopes  ot  2  and  2^  to  1.  At  CSevdand  slopes  of  1  to 
1  proved  too  flat  and  were  changed  to  6  to  1  and  9  to  1. 

Such  slopes  necessitate  tanks  eith^  very  deep  in  proportion  to 
their  surface  area  or  with  a  number  of  hoppers  whieh  multiply  the 
number  of  points  at  which  sludge  must  be  removed. 

Flat-bottom  tanks  equipped  with  mechanical  devices  to  carry  the 
sludge  to  a  central  point  for  removal  have  been  tested  with  satis- 
factory results.  Pearse  (16)  claims  that  more  concentrated  sludge 
is  thus  obtained,  which  is  an  advantage  in  permitting  imall^  mnts 
and  smaller  retiun  sludge  channels.  There  is  the  added  advantage 
of  greatly  reducing  the  volume  of  sludge  to  be  returned  and  to  be 
disposed  of. 

The  settling  area  is  of  utmost  importance  in  the  design  of  sedi- 
mentation tanks.  Pratt  and  Gascoigne  (14)  give  data  that  would 
indicate  1,000  gallons  per  square  foot  of  settling  area  as  a  safe  figure. 
They  obtained  satisfactory  results  with'rates  of  2,400  gallons.  The 
Milwaukee  tests  indicated  that  a  satisfactory  result  oc^dd  be  obtained 
with  rates  of  1,600  to  2,000  gallons.  To  make  conservative  allow- 
ance for  changes  in  the  condition  and  volume  of  sludge,  1,600  gallons 
of  effluent  per  square  foot  was  adopted  to  o^e  for  the  majdmom 
flow,  or  about  850  for  average  dry  weather  flow. 

The  Houston  sedimentation  tanks  wero,  in  1920,  handling  avertge 
flows  of  about  1,050  and  800  gallons  of  effluent  at  the  north  and 
south  side  plants,  respectively.  The  design  for  ultimate  capacity 
of  both  plants  was  about  1,300.  At  San  Marcos  the  average  flow 
was  equivalent  to  1,000  gallons  per  square  foot. 

Until  new  evidence  is  produced  rates  of  800  to  1,000  appear  to  be 
the  most  logical  to  use  in  design. 

OPERATION 

Operation  difficulties  of  activated  sludge  plants  are  gradually 
being  ironed  out.  The  reasons  for  unfavorable  conditions  are  being 
found  and  with  them  the  corrective  measures.   In  the  early  stages 
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of  its  development  it  was  generally  held  that  the  adjustment  of  condi- 
tions to  secure  proper  functioning  of  the  plants  required  such  skilled 
and  technical  operation  as  to  preclude  adoption  of  this  process  ex- 
cept at  the  very  large  cities.  This  subject  has  been  discussed  else- 
where,  and  it  is  only  necessary  to  state  here  that  this  attitude  is  being 
seriously  questioned  on  the  basis  of  results  obtained  imder  average 
plant  operation. 

Several  features  of  operation  such  as  the  aeration  period,  volume 
of  air  necessary,  and  the  settling  period  have  already  been  taken  up 
under  different  devices. 

In  general,  while  for  any  plant  there  is  a  fairly  wide  range  for  the 
various  factors  within  which  operation  wiU  proceed  satisfactorily, 
the  result  of  exceeding  these  limits  is  disastrous. 

It  is  known  that  if  aeration  is  not  adequate  the  resulting  sludge 
will  be  Hght  and  voluminous,  failing  to  concentrate  properly  in  the 
sedimentation  tank,  and  necessitating  the  return  of  extravagantly 
laiige  volumes  to  the  aeration  tank  for  mixture  with  the  incoming 
sewage,  and  correspondingly  large  volumes  to  be  disposed  of.  Eddy 
(22)  dJls  attention  to  the  fact  that  assuming  a  plant  to  operate  with 
20  per  cent  returned  sludge  containing  2  per  cent  solids,  a  change  in 
the  sludge  to  0.5  per  cent  solids  would  necessitate  the  return  of  four 
and  one-half  times  as  much  sludge  to  maintain  the  same  relation  of 
solids. 

LfOw  temperature  conditions  may  result  in  a  similar  condition  of 
the  sludge,  and  it  has  generally  been  foimd  necessary  to  use  more 
air  in  the  winter  than  in  the  summer. 

On  the  other  hand  overaeration  causes  a  return  of  the  coUoids 
ramoTed  from  the  sewage  and  contained  in  the  sludge  to  the  sewage, 
with  a  resulting  poor  effluent. 

Tie  character  of  the  sludge  is  also  largely  dependent  upon  the 
aedimentation  period.  If  this  is  too  short  the  sludge  can  not  con- 
centrate, but  if  too  long,  say  over  six  hours,  septic  action,  which  ruins 
the  sludge,  is  likely  to  start. 

At  the  present  time  plant  operators  can  best  judge  the  condition 
of  their  sludge  by  its  visible  appearance  and  properties.  Good 
sludge  is,  for  normal  sewage,  golden  brown  in  color  and  settles  very 
rapidly. 

The  amount  of  sludge  returned  to  the  aerating  tank  depends  on 
the  concentration  to  be  maintained.  Tins  concentration  is  expressed 
as  the  per  cent  by  volume  of  sludge  to  total  volimie  of  the  mixtiu*e  of 
sewage  and  sludge  in  the  aerating  tank.  This  factor  appears  to  admit 
of  great  variations  without  materially  affecting  the  effluent.  From 
15  to  30  per  cent  or  more  has  been  used,  with  an  average  around 
20  to  25  per  cent. 
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With  but  few  exceptions  the  effluents  from  activated  shidge  i 
planta  have  been  very  good.  In  Table  No.  55  the  results  obtained 
from  the  four  plants  siffveyed  are  pven  together  with  repented 
results  from  other  places.  The  analyses  selected  for  this  table  are 
those  which  indicate  ihe  extent  of  clarification  and  the  extent  of 
oxidation.  Because  of  the  different  determinations  used  at  diffa«nt ' 
places  to  measure  these  results  it  is,  unfortunately,  impossible  to  i 
put  alt  plants  on  a  comparable  basis.  i 

Tablb  No.  6A. — Analytieai  rttuUt  obtained  at  nitu  aetwated  tUid^  ptcMlf 
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With  the  exception  of  the  Sherman  plant,  the  suspended  soUdi 
in  the  effluents  are  all  low.  At  Sherman  the  sludge  or  "floe"  wis 
being  carried  over  from  the  final  sedim  «ej 
light  and  voluminous,  as  can  be  seen  f  re- 
sults where  73  parts  of  suspended  matl  tbt 
settling  glasses.    The  sludge  in  the  tank  rsca 
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were  made  was  comparatively  new,  most  of  the  old  sludge  having 
beea  withdrawn  shortly  before.    It  appeared  to  be  nnderaerated. 

The  oxygen  demand  results  on  the  plants  surveyed  are  with  the 
eoDeeptioQ  of  ^ennan  less  than  the  available  oxygen  present  in  the 
toaa  of  dissolved  oxygen  and  nitrates. 

Tlie  use  of  the  ammonia  nitrogen  determination  as  an  indicator 
of  the  completeness  or  efficiency  of  aeration  is  discussed  under 
analytical  methods  (p.  27.)  Applying  it  to  the  results  in  the  above 
table,  thestatementmadeaboveregardingShermanisconfirmed.  With 
Milwaakee  and  Cleveland  the  ammoniacal  nitrogen  det^mination 
wmild  indicate  aeration  to  the  point  of  clarification,  but  with  rda- 
tir^Aj  littie  oxidation.  The  nitrates  at  Milwaukee  indicate  this 
same  condition.   At  Cleveland  no  nitrate  determinations  are  given. 

The  Urbana  results  are  those  obtained  from  small  fill  and  draw 
nnite  in  tests  made  primarily  to  determine  the  efficiency  of  various 
types  of  air  diffusers.  They  are  interesting  particularly  as  they 
Bho¥r  a  complete  removal  of  ammonia  nitrogen  with  the  production 
of  an  almost  equival^it  amount  of  nitrates. 

It  is  believed  that  the  Shennan  results  are  representative  of  the 
poorer  effluent^  which  may  be  temporarily  obtained  from  activated 
sludge  plants  in  small  places  where  the  operation  is  in  the  hands 
of  an  mitrained  man.  Under  similar  circumstances  and  with  a 
g™»«^«^  raw  sewage,  it  is  doubtful  whether  any  other  type  of  plant 
could  produce  a  consistentiy  better  effluent. 

8i;UI>€UI  (activatbd) 

The  capacity  of  the  activated  sludge  process  to  produce  with 
reasonable  expense  a  clear  liquid  effluent  of  almost  any  desired 
degree  of  stability  is  no  longer  questioned,  except  where  the  sewage 
contains  disinfecting  industrial  wastes.  Unfortunately  it  is  not 
poeeible  to  stop  at  that  point.  In  the  process,  large  voliunes  of 
sludge  are  produced  as  a  by-product.  An  economically  practical 
treatment  of  this  sludge  to  the  point  of  disposal  has  not  yet  been 


Because  it  is  so  dilute  and  of  a  character  to  resist  the  removal 
of  water  by  known  methods  it  presents  the  big  unsolved  problem 
of  the  process.  However,  its  relatively  high  nitrogen  content,  as 
compared  with  sludges  from  other  processes,  has  directed  investi- 
gation laigely  toward  the  recovery  of  this  nitrogen  for  fertilizer 
purposes.  Several  methods  of  dewatering  the  sludge  have  been 
investigated,  but  the  cost  has  always  been  nearly  equal  to  the  theo- 
retical value  of  the  nitrogen  recovered.  So  far  no  plant  has  pro- 
duced a  sufficient  quantity  of  dried  sludge  to  demonstrate  that  it 
can  be  marketed  on  a  large  scale. 
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Volume. — The  Tolmne  of  sludge  it  is  neoeesary  to  dispose  of  is 
largely  dependent  on  the  design  and  operation  of  the  plant,  with 
temperature  conditions  also  a  factor.  Awwiming  that  with  proper 
sedimentation  and  adequate  aeration  15,000  gallons  of  98  per  cent 
sludge  have  to  be  disposed  of,  a  change  in  the  concentration  of  the 
sludge  to  99.5  per  cent  water,  due  to  underaeration,  inadequate 
settling  capacity  or  cold  weather,  would  increase  the  volume  to 
about  68,000  gallons. 

The  following  table  contains  the  opinions  of  various  investigators 
of  the  amoimt  and  concentration  of  sludge  they  feel  must  be  taken 
care  of  in  disposal  operations.  Some  of  the  figures  are  the  quanti- 
tative results  of  actual  measiu^  test^^  while  others  are  general  con- 
clusions or  design  figures. 

Tabls  No.  56. — Sludge  to  be  disposed  of  in  the  activated  sludge  process 
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At  the  time  of  the  survey;  sludge  at  both  of  the  Houston  plants 
had  been  lagooned,  and  it  was  impossible  to  arrive  at  more  than  a 
crude  estimate  of  the  actual  production.  As  removed  from  the 
reaeration  tank  it  had  a  moisture  (X)ntent  of  99  to  993^  per  cent. 

The  volume  as  given  in  the  above  table  for  Cleveland  was  arrived 
at  by  (X)mputation  from  suspended  matt^  removed,  allowing  35 
per  cent  for  Uquefaction.  This  percentage  was  based  on  observa- 
tions and  analyses. 

From  the  available  data  it  appears  that  under  favorable  conditioiKS 
from  10,000  to  30,000  gallons  of  97.5  to  99  per  cent  sludge  pff 
million  gallons  will  have  to  be  disposed  of.  There  is,  however, 
relatively  little  data  upon  which  to  base  any  definite  conclusions. 

Treatment. — Many  different  methods  have  been  tested  to  secure  a 
satisfactory  method  for  disposal  of  sludge. 

Drying  on  beds  has  been  practically  abandoned  for  lai^e  cities, 
both  because  of  the  large  area  required  and  because  by  this  method 
the  full  value  of  the  sludge  as  a  fertilizer  is  not  obtained.  Pratt 
and  Gascoigne  at  Cleveland  (14)  concluded  that  '^  unless  the  unit 
quantities  of  sludge  produced  are  materially  lessened,  the  use  of 
sand  beds  for  dewatering  activated  sludge  is  financially  prohibi- 
tive.'*   Gault  (10)  at  Worcester,  Mass.,  stated  that  for  local  oondi- 
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taoQs  '^air  drying  of  activated  sludge  as  h  means  of  disposal  on  a 
bur^  scale  has  been  demonstrated  to  be  impracticable;  air  drying 
during  the  winter  season  is  impossible."  These  statements  are 
expressiTe  of  general  opinion  of  the  applicability  of  this  method 
(^  diying  to  large  installations.  For  smaller  installations  where  the 
total  Tolmne  of  sludge  produced  can  not  warrant  recovery  processes 
and  where  land  is  readily  available  this  method  is  applicable. 

Lagooning  is  another  method  possible  at  smaller  and  medium 
aze  plants.  At  both  the  plants  at  Houston  all  sludge  had  been 
lagoonedy  up  to  the  time  of  the  survey,  except  a  small  amount  used 
for  tests.  At  the  north  side  plant  the  sludge  from  8-10  m.  g.  d.  of 
sewage  is  to  be  treated  in  a  pressing  and  drying  plant  which  is 
already  installed.  It  is  expected  that  lagooning  will  be  continued 
at  the  south  side  plant,  which  is  now  treating  about  1>^  m.  g.  d. 
At  this  plant  a  lagoon  300  by  100  by  10  feet  was  used  for  two 
years  and  is  only  half  filled. 

To  make  large  instaUations  of  the  activated  sludge  process  eco- 
nomically feasible  it  is  pretty  well  agreed  that  the  nitrogen  of  the 
sludge  must  be  recovered,  and  that  the  value  of  the  sludge  must 
be  at  least  equal  to  the  cost  of  the  recovery  process. 

Hie  processes  now  receiving  most  favorable  attention  are:  (1) 
Coiicentration  by  sedimentation;  (2)  pressing;  (3)  centrifuging;  (4) 
acidification  in  connection  with  pressing  and  centrifuging;  and  (5) 
df3riiig  by  mechanical  driers. 

If  the  sludge  is  removed  from  the  sedimentation  tanks  or  reaera- 
tion  tanks  of  the  sewage-treatment  plant  containing  more  than 
99  per  cent  water,  it  can,  if  the  sludge  is  good,  be  resettled  to  a  water 
content  of  97.5  or  98  per  cent.  The  reduction  frc»n  99  to  98  per 
cent  for  instance  reduces  the  volume  to  be  handled  to  half  the  origi- 
nal v^ume.  Where  sludge  can  be  taken  from  the  sewage  treatment 
tanks  with  a  water  content  of  98  per  cent  it  is  doubtful  whether 
resettling  is  advisable.  The  settling  period  should  not  exceed  six 
hoars  or  the  sludge  is  likely  to  become  s^tic  and  in  this  condition 
is  much  more  difficult  to  handle. 

The  98  per  cent  sludge  then  passes  to  the  presses  ot  centrifugal 
madhines.  Under  favorable  conditions  the  water  content  is  here 
reduced  to  about  80  to  85  per  cent.  The  Simjdex  presses  installed 
at  Houston  are  guaranteed  by  the  manufacturer  to  produce  a 
specified  amount  of  80  per  cent  cake  daily. 

Ab  preliminary  to  pressing  or  centrifuging,  acid  (about  0.12  per 
cent  of  the  volume  of  the  sludge,  if  sulphuric  acid  is  used)  is  some- 
timeB  added  to  the  sludge  to  counteract  to  a  certain  extent  its  natu- 
ral slimy  du^^cteristics,  and  thus  put  it  into  better  condition  for 
treatment. 
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From  the  presses  or  centrifugal  machine  the  80  (plus  or  minuB) 
per  cent  sludge  is  taken  to  heat  driers.  Both  the  direct  and  indirect 
heat  types  have  been  tested  and  found  to  be  satisfactory.  These 
produce  a  sludge  with  10  per  cent  moisture^  which  is  scrolled,  the 
larger  pieces  being  ground  and  sold  as  a  low-grade  fertilizer  or  as 
a  filler  for  a  higher  grade  fertilizer. 

The  actual  tests  inade  with  presses,  centrifugal  machines,  and 
driers  hare  been  very  extensiye,  and  while  results  hare  demon- 
strated possibihties  and  given  promise  of  ultimate  success,  there  has 
not  as  yet  been  deyeloped  apparatus  which  is  generally  acceptable 
to  engineers. 

At  Milwaukee  tests  are  still  in  progress,  and  the  design  for  the 
Des  Plaines  River  plaiit  (9)  includes  both  a  press  and  a  centoifagal 
machine.  At  neither  place  have  the  exact  make  cm:  type  of  ap- 
paratus been  definitely  settled.  The  expectations  are  that  sludge  d 
about  98  per  cent  water  acidulated  with  sulphuric  add,  using  2  to 
4.5  c.c.  per  gallon  of  sludge,  can  be  successfully  and  economicallj 
pressed  to  a  cake  containing  about  80  (75  to  85)  per  c^it  water. 
The  Simplex  presses  installed  at  the  north  side  plant  at  HouatoD 
are  accepted  subject  to  the  maker's  guaranty  that  the  two  120-pUte 
presses  will,  with  98  per  cent  sludge,  produce  54,000  pounds  daily 
of  80  per  cent  cake.  It  is  planned  to  add  0.65  gallon  of  66  Baain6 
sulphuric  acid  per  1,000  gallons  of  sludge.  As  the  Simplex  press  wis 
tested  at  Milwaukee,  this  guaranty  is  doubtless  based  on  results 
obtained  there.  With  this  press  a  cake  averaging  ^  to  Hi  indies 
thick  and  containing  80  per  cent  moisture  was  produced  from  97.5 
per  cent  sludge  in  4.5  hours  at  a  rate  of  3  pounds  of  cake  per  square 
foot  of  filter  cloth. 

The  Berrigan  press  made  by  the  Worthington  CSorporation  pio> 
duced  from  the  same  sludge  at  Milwaukee  (18)  2.89  pounds  of  81.5 
per  cent  cake  per  square  foot  of  filter  cake  in  4.85  hours. 

At  the  stockyards  at  Chicago  (16)  the  Simplex  press,  the  same 
machine  used  at  Milwaukee,  produced  from  98.6  per  cent  sludge 
with  2}4  hours  net  pressing  time  a  77.9  per  cent  cake  at  a  rate  of 
4.5  pounds  per  square  foot  of  filter.  A  1-inch  cake  was  considered 
the  most  practical. 

Here  also  tests  were  made  with  acidulated  sludge,  using  1.5  to 
2.0  c.  c.  of  60  Baumd  sulf^uric  acid  per  gallon  of  sludge.  With  this 
treatment  the  results  were  much  better.  Parallel  tests  with  plam 
and  acidulated  sludge  gave  comparative  results  given  in  the  following 
table: 
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No.  57. — Slydge  pressing  at  the  Chicago  stockyards  toith  and  tviihout  acid  (16) 
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Allowing  for  the  full  cycle  of  filling,  pressing,  dumping,  and  clean- 
ingy  it  was  concluded  that  the  yield  with  acidified  sludge  is  from 
40  to  100  per  cent  greater^  in  tenns  of  dry  solids,  than  the  xmacidified 
sludge.  In  general  the  report  of  the  stockyard  tests  (16)  gives  the 
following  as  advantages  and  disadvantages  of  acidification: 

Advftfitageg: 

1.  The  yield  and  capacity  of  press  are  increased. 

2.  The  nitrogen  and  fat  content  of  the  sludge  are  increased. 

3.  The  filter  cloths  do  not  clog  as  rapidly. 

4.  The  sludge  cake  does  not  become  septic. 
Disadvantages : 

1.  The  cost  of  the  acid. 

2.  The  addition  of  another  step  in  the  process,  as  well  as  the  requirement 

of  more  equipment. 

Eddy  (22),  assuming  15,000  gallons  of  98  per  cent  sludge  per  million 
gaHons  of  sewage  with  6  per  cent  ammonia  on  dry  basis,  and  esti- 
mating sulphuric  acid  at  1  cent  per  poimd  and  ammonia  at*  $4  per 
unit,  gives  a  theoretical  increase  in  value  of  the  sludge  due  to  acidi- 
ficatioa  of  $3.62  per  million  gallons  with  an  acid  cost  of  $2.70.  This 
makes  no  allowance  for  losses  but  gives  no  credit  to  the  operating 
value  of  conditioning  the  sludge  for  more  economical  pressing. 

Data  on  experiments  with  centrifugal  machines  are  very  meager. 
The  Shafer-ter-Meer  and  Besco-ter-Meer  machines  have  both  been 
subjected  to  more  or  less  investigation,  especially  at  Milwaukee.  With 
the  latter  cakes  of  80  to  85  per  cent  moistures  have  been  obtained 
but  the  effluent  contains  much  suspended  matter  which  has  been 
extremely  difficult  to  remove.  The  authors  are  not  aware  of  any 
permanent  operating  plant  using  centrifugal  machines  for  sludge 
treatment. 

In  order  to  market  the  sludge  the  moisture  must  be  reduced  to  10 
per  cent.  This  can  be  accomplished  only  by  drying  with  heat. 
Standard  makes  of  driers,  both  direct  and  indirect  heat  types,  have 
been  tested,  and  it  is  well  demonstrated  that  no  unusual  difficxdtieB 
are  encountered. 

The  Milwaukee  tests  (18)  have  been  conducted  with  a  Buckeye 
direct-indirect  drier  16  feet  long  and  23  inches  in  diameter.    With 
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this,  82  per  cent  sludge  has  been  dried  to  Ixme  dryness  with  no  loss  of 
nitrogen. 

The  installation  at  Houston,  Tex.,  has  one  Buckeye  direct-indirect 
drier,  40  feet  long  and  60  inches  in  diameter,  to  haiidle  sludge  from 
a  10  m.  g.  d.  activated  sludge  plant.  The  makers'  guarantee  Uie 
evaporation  of  10  pounds  of  water  per  pound  of  13,500  B.  t.  u.  fuel 

Hatton  at  Milwaukee  (18)  reports  that  ''two  reputable  manufic- 
turers  of  driers  have  submitted  to  us  full  plans  and  propositioDs 
for  driers  in  which  they  guarantee  to  reduce  the  moistiu*e  &om  the 
sludge  at  the  rate  of  10  pounds  of  water  evaporated  per  pound  of 
combustible." 

COSTS 

Cost  data  of  the  activated  sludge  process  including  the  disposal  of 
the  sludge  can  hardly  be  considered  to  be  beyond  the  estimatii^ 
stage.  Costs  based  upon  experimental  results,  even  if  the  tests  b6 
of  fairly  large  magnitude,  may  differ  greatly  from  those  obtained  in 
actual  practice.  Labor,  depreciation  of  the  installation,  repairs,  bjA 
general  maintenance  costs  must  be  secured  for  a  period  of  years  under 
normal  operating  conditions.  It  is  not  beUeved  that  posse^on  of 
such  data  can  be  claimed  at  any  place. 

Cost  data  are,  moreover,  most  valuable  when  available  for  cmr 
parison,  e.  g.,  to  compare  the  installation  cost  and  operating  costs 
of  the  activated  sludge  with  other  processes,  such  as  Imhoff  tanks 
and  trickling  filters.  Most  of  the  installation  costs  of  activated  sludge 
plants  were  incurred  during  the  period  of  high  war  prices  and  arc, 
therefore,  directly  comparable  only  with  other  plants  construct^ 
during  the  same  period.  Accurate  comparative  operating  costs  are 
also  difficult  to  secure,  as  interest  on  investment  and  depreciation 
are  seldom  included  in  issued  statements. 

Installation  costs. — ^With  the  exception  of  the  two  plants  at  Houston 
there  are  no  actual  construction  cost  data  obtainable  for  installstioas 
in  this  country  of  plants  with  a  miUion  gallons  daily  capacity.  Dalhjn 
(5)  reports  one  in  Canada,  Woodstock.  The  costs  of  a  number  of 
installations  have  been  estimated  and  actual  costs  are  available  for 
some  of  the  smaller  plants.  The  table  following  contains  cost  dati 
available  from  some  plants  in  this  country  together  with  a  few  foreigD 
and  Canadian  plants: 
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Tablb  No.  58. — InsiaUalion  coatt  of  same  oetivaUdF^ludge  plarUa 


Plmt 

Date 

Capacity 
m.  g.  d. 

Cost  per 
m.  g.  d. 
capacity 

Sludge- 
drying 
plant 

in- 
dnded 

Bemarks 

Houston  (north  side)  (7)... 
Houston  (aoath  side)  (7)... 
Sui  Mareos  (7) . 

1919 
1919 
1916 

1919 

1920 

1917 
1916 
1990 
1920 

1919 
1917 
1921 

U0.0 

15.0 

».2 

U.5 

»85.0 

tsao 

15.5 
i&O 
«1.8 

11.8 
11.5 

« 25, 500 
•  25,000 
>25,000 

>«26,700 

« 50, 000 

«65,000 

« 57, 000 

«108,000 

>3%200 

« 15, 000 
27,000 

«eo^ooo 

No. 
No. 
No. 

No. 

Yes. 

Yes. 

[?{ 

No. 

.  (?) 

Sludge-drying  plant;  cost  $85,000. 
Septic  tank,  estimated  at  $1,500;  could 

Sbeman  (7) 

Mihraiikee  (28).. 

treat  greater  flow. 
Plant  only  partly  completed;  estimate 

balance  to  complete,  $5,000. 
Include  recovery  of  17  acres  of  land  flrom 

Chl«MO(30l 

lake,  pUe  foundations  for  all  stractores 
and  provisions  for  extensions. 
For  stock-yard  wastes . 

?UihSarf  (^) 

Bl0omlngton.ni.  Ol) 

Woodstock,  Ontario,  Can- 
ad*  (Q) 
WonaMor,  England  (33)... 

irwiMba.  Minh.(34) 

LoaAiMMM,  Calif.  (35) 

Designed  for  50,000  popolBtiMi. 

Contract  costs. 

Estimate  by  Fuller.  Whipple.  Mul- 

hoUand. 

1  Rated. 


>  Present  operating. 


>  Actual. 


« Estimated. 


Local  conditians  and  date  of  coDstruction  are  items  of  the  greatest 
importance.  At  Milwaukee  where  land  must  be  made  and  pile 
foundations  are  necessary  for  all  structures,  the  cost  is  naturally 
incretaed.  The  cost  of  plants  built  or  estimated  while  high  war 
prices  prevailed  are  not  comparable  with  costs  during  normal  times. 
Moreoiver,  costs  or  estimates  at  some  places  include  items  such  as 
long  outfall  or  int^cepting  sewers  which  do  not  affect  the  installa- 
tioii  coets  of  the  treatment  plant  proper. 

Hub  cost  figures  in  the  aboTe  table  may  be  roughly  divided  into 
four  groups.  First  ihd  foreign  plant  at  Worcester,  England,  estir 
mated  at  915,000  per  million  gdlons;  second,  six  plants  averaging 
S26,900  per  million  gallons,  in  every  one  of  which  the  costs  are  practi- 
cally aetual  constructicm  costs;  third,  four  plants  averaging  $60,000 
per  miUion  gallons  all  of  which  are  estimates;  and  fourth,  the  plant 
at  Blooxnington,  Dl.,  estimated  at  $108,000  per  million  gallons.  It  has 
Qot  been  possible  to  secure  figures  in  sufficient  detail  to  account  for 
the  differences  between  these  groups.  Local  conditions  may  neces- 
sitate much  more  expensive  work  at  one  place  than  at  another,  and 
the  fluctuations  of  material  and  labor  prices  during  the  past  few  years 
have  covered  such  a  wide  range  that  unit  costs  are  essential  for 
Batirfaciory  conqiarisons. 

In  campanaon  with  plants  including  Imhoff  tanks,  trickling  filters, 
ind  aecoDdary  sedimentation  tanks,  the  activated  sludge  plant 
requires  a  lower  initial  investment  in  construction.  Eddy  (30)  in 
1916  {Hrepared  comparative  estimates  for  a  6.6  m.  g.  d.  plant  at  Fitch- 
burg,  Mass.,  the  Imhoff  filter  jdant  beuig  $431,000  and  the  activated 
shidge  $814,000.  The  Imhoff  filter  plant  when  actually  built  in 
1914-15  cost  $360,800. 
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Pearse  (31)  gives  comparatiTe  estimates  for  a  plant  at  Bkxmi- 
ington,  111.,  as  $650,000  and  $540,000  for  the  Ijnhoff  filt^  plant  and 
activated  sludge  processes,  reflectively.  The  plant  was  to  serre  a 
future  population  of  50,000. 

Goddard  and  Ehlers  (36)  estimated  that  in  general  the  initial  costs 
of  activated  sludge  plant  are  approximately  half  of  a  scre^i-«edi- 
mentation  filtration  disinfection  plant. 

Operating  costs. — Operating  costs  including  maintenance  and 
depreciation  are  very  meager  and  for  the  most  part  estimates  based 
upon  experimental  data.  Many  of  the  estimente  should,  however, 
work  out  in  practice  as  they  are  based  upon  experim^its  conducted 
on  a  scale  almost  comparable  with  actual  operating  conditions. 

In  plants  where  the  sludge  is  not  dried  for  fertilizer  the  gross  cost 
and  net  cost  of  c^eration  are  the  same.  Where,  however,  ahidge 
recovery  is  practiced  the  net  cost  becomes  the  gross  cost  less  t^e 
profit  on  the  sludge.  In  such  plants  the  net  cost  is  the  cost  of  treat- 
ing the  sewage  including  interest,  maintenance,  and  depreciation  of 
the  treatment  plant,  plus  the  cost  of  drying  and  marketiiig  the 
sludge,  also  including  the  usual  items  of  interest,  etc.,  less  the  market 
value  of  the  sludge. 

These  figures,  except  in  a  very  few  cases,  are  not  availaUe,  but  it 
appears  that  with  a  plant  operating  near  ci^acity  and  recovering  the 
sludge  the  net  operating  cost  will  be  from  $15  to  $20  per  miUioci 
gallons. 

At  Houston  the  operating  costs,  exdusive  of  interest  and  depre* 
ciation  were,  for  the  year  1919,  $14.70  and  $21.20  for  the  north  and 
south  side  plants,  respectively.  At  both  ]|;dant8  the  sludge  was 
lagooned.  The  details  of  the  items  entering  these  totals  are  gireo 
on  page  85.  Neither  of  the  Houston  plants  were  operating  at  full 
capacity,  but  their  total  expenses  for  supervision  were  about  the 
same  as  if  they  had  been.  If  the  data  giv^i  in  this  table  be  used 
with  the  operating  capacities  of  the  plants,  and  if  these  capacities 
be  taken  as  8  and  4  m.  g.  d.  for  the  north  and  soudi  side  plants,  re- 
^ectively  (they  were  designed  for  10  and  5  m.  g«  d,),  the  operating 
costs  can  be  computed  to  $13.48  and  $13.60  per  m.  g.  d.  The  power 
coste  and  supplies  in  this  computation  are  assumed  to  remain  the 
same,  but  the  cost  for  chief  operator,  operators,  laborer,  and  chenikt 
are  assumed  to  be  the  same  per  m.  g.  d.  treated  in  total,  regardless  of 
the  volume  treated.  Estimating  interest  and  depreciation  at  10  per 
cent  of  the  construction  cost  these  gross  figures  would  become  $22^ 
and  $21.50.  If  at  the  north  side  plant  the  recovered  sludge  yidds  a 
net  profit  of  $3.50  per  million  gallons  the  net  oost  becomes  about  $19. 

At  Milwaukee  Hatton  (28)  estimated  a  net  cost  of  $15.58.  lb 
operating  cost,  including  sludge  drying,  is  estimated  at  $83.58^  d 
which  $14.07  is  capital  charge  and  $19.51  operating  costs.     The 
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iIodgB  is  estimated  to  be  w<ffth  S18  per  m.  g.  on  a  basis  of  1  ton  of 
4.5  per  cent  nitrogen,  10  per  cent  moisture^  sludge  per  million  gal- 
lons with  nitrogen  at  $4  per  unit.  Tliis  estimate  was  later  revised  (31) 
to  give  a  net  cost  of  $17  per  million  gallons,  with  treatment  and  sludge 
diying  costiiig  a  total  of  $35,  from  which  the  value  of  the  sludge, 
|18r  is  deducted. 

The  San  Marcos  plant  was  operating  in  1919  at  a  cost  of  about 
S14.50  per  m.  g.,  exclusive  of  interest  and  depreciation.  Allowing  10 
per  cent  of  the  plant  cost  as  annual  charge  for  these  items,  the  total 
operating  cost  would  be  about  $2L  At  this  plant  sludge  can  not  be 
ooDflidered  either  an  asset  or  liability.  It  is  not  recovered  but  costs 
Terj  Utile  to  dispose  of,  because  of  avaUable  ground  adjacent  to  ihe 
plant  on  which  it  can  be  applied. 

No  fair  estimate  of  the  costs  of  the  Sherman  plant  is  possible. 
Only  half  the  plant  is  in  use;  but  the  construction  costs  can  not  be 
divided,  as  the  unused  half  has  never  been  completely  finished.  The 
half  in  use  is  not  operating  at  capacity,  and  there  is  little  control 
over  the   amount  of  air  used. 

Hie  plant  as  operating  is  costing  for  operation  alone,  exclusive 
of  interest  and  depreciation,  about  $28  per  million  gallons  treated. 
One  operator  at  $100  per  month  is  charged  entirely  to  the  sewage 
plant,  although  he  gives  probably  half  of  his  time  to  a  small  inciner- 
ator in  which  the  city's  garbage  is  burned.  Power  b  estimated  at 
$2,000  per  annum  on  the  basis  of  a  22-horsepower  motor  imd^  full 
load  with  current  at  1)^  cents  per  kilowatt  hour,  A  10-horsepower 
motor  would  probably  be  ample  with  the  present  flow. 

It  is  probable  that  with  the  plant  operating  at  capacity  the  costs 
would  not  be  far  from  those  figures  already  given  for  the  other 
plants,  probably  about  $20  per  milUon  gallons. 
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FINE   SCREENINO 

''  There  is  no  agreement  among  engineers  as  to  the  size  of  the  open- 
ing which  is  on  the  hoimdary  between  coarse  and  fine  screening.  In 
a  general  way  the  tendency  of  the  present  time  seems  to  be  to  r^ard 
an  opening  of  one-fourth  inch  as  the  maximum  Umit  for  fine  screen- 
ings." '  Screens  of  this  type  were  foxmd  only  at  Baltimore,  Md., 
the  Irondequoit  plant  at  Rochester,  N.  Y.,  and  San  Marcos,  Tex. 
All  of  these  screens  have  been  described  in  detail  under  these  plants, 
and  reference  is  made  to  these  descriptions. 

The  function  of  fine  screens  is  confined  to  the  removal  of  solids. 
They  have  been  used  for  this  purpose  in  three  ways:  First,  as  a 
complete  treatment  for  the  removal  of  the  larger  and  especially  the 
floating  solids  at  places  where  there  are  adequate,  dilution  facihties 
to  dispose  of  sewage  by  this  method,  the  screens  serving  to  prevent 
surface  nuisances.  Second,  as  preliminary  to  tank  treatment  for 
the  removal  of  the  large  and  nonsettleable  soUds.  This  is  the  situa- 
tion at  the  Irondequoit  plant  at  Rochester,  and  it  is  for  this  piurpose 
that  screens  are  recommended  as  preliminary  to  treatment  in  the 
aeration  tanks  of  the  activated  sludge  process.  Third,  as  a  protec- 
tion for  noaczles  on  trickling  filters  to  remove  soUds  carried  ov^  from 
sedim^itation  tanks  which  are  capable  of  clogging  the  nozzles.  The 
screens  are  used  for  this  purpose  at  Baltimore,  Md.,  and  havei  effected 
a  reduction  of  about  87  per  cent  in  the  number  of  nozzles  cleaned. 

At  only  one  plant,  the  Irondequoit  plant  at  Rochester,  were 
analytical  determinations  made  of  the  influent  and  effluent  of  the 
screeod.  These  results  are  given  in  detail  under  the  discussion  of 
thb  plant.  The  following  table  gives  the  averages  of  the  suspended 
matter  results  for  the  various  size  screens  and,  for  comparison,  the 
reeulta  obtained  with  fine  screens  of  the  same  and  other  types  at  one 
or  two  other  places. 

'  ASDOten  BewvnfB  Pnctloe,  Metcalf  and  Eddy.   Vol.  UI,  p.  Sia 
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Tablb  No.  59. — Main  structural  featura  and  reatdt*  Mained  with  mtne  fm 

9creen§ 


Plant 


Typeoffloreen 


8iM  of  opening 


tliMiimilBil  matter,  p.  p.  m. 


Infloent 


SfOaent 


Rochester,  N.  Y.  (Ironde- 
qnott).! 

Do 

Do 

North  Plainfleld  >  Plain- 
field,  and  Dunellen,  N.  J. 
Cleveland,  Ohio* 

Do.« 

Do.» 

Brockton,  Mass.* 


RIenadi-Wurl... 


i^by3inc!iflB.. 


190 


..do 

..do 

..do..... 


I 


by  2  inches 

by  2  inches.... 
^  by  2  inches... 


Dmm 

do 

do 

do — 


M-mesh.. 

SO-mesh.. 
120-mesh. 
SO-mesh.. 


211 

lao 

>14S 

846 
842 
812 
W3 


196 
M61 

370 
272 
296 
282 


+2 

-5 

-28 
-12 

22 
20 

18 
71 


} 


28 


>  Survey  resnlts 

*  Operating  Data  of  Fine  Screens  and  Imbofl  Tanks.   John  R.  Downes,  Potdie  Wo^s,  vol.  tOc  pp. 
J7D-87L 

*  Influent  is  average  of  8  years  1017-1010,  indusive^  during  which  time  a  yearly  sverafe  varied  inm 
140-148.    EfBuent  is  average  fbr  year  1020. 

*  Estimated. 

*  Report  on  Tests  at  Sewage  Testing  Station,  Clevelend,  Ohio.   Robert  HoOman,  R.  Wintfarop  PrakC 
Harry  B.  Hommon,  1014,  p.  6a 

*  The  Clarification  of  Sewage  by  Fine  Screens,  Kenneth  Alkn,  ProoeedlngB  Am.  Boa  O.  B..  YcL  XU 
No.  6,  pp.  1830-1000. 

Of  the  four  results  from  Riensch-Wurl  screens;  only  one  showed 
any  remoyal  based  upon  the  suspended  matter  results  of  the  raw  and 
screened  sewage,  the  other  three  results  giving  higher  suspended 
matter  in  the  screened  than  in  the  raw  sample. 

The  reason  for  this  condition  has  been  discussed  under  the  sus- 
pended matter  determination,  where  it  was  shown  that  the  suspended 
matter  results  for  the  raw  sewuge  at  Rochester  were  not  accurate 
closer  than  9  per  cent.  The  difficulty  of  seciuing  representatiye 
samples  of  sewage  containing  large  pieces  of  suspended  soUds  prevents 
accuracy  within  the  limits  of  efficiency,  imless  the  efficiaicies  are 
greater  than  10  to  15  per  cent. 

As  based  upon  the  screenings  removed  the  average  efficiency  of 
the  Riensch-Wurl  scrolls  at  Rochester  was  2  per  cent  and  c^  that  at 
Plainfield  8  per  eent. 

The  drum  screens  covered  with  Os^gpe  mesh  wire  cloth  give  hi^er 
removals  amounting  to  20  to  30  per  cent  at  the  Cleveland  testang 
station,  and  71  per  cent  at  Brockton,  Mass.  In  this  latter  case  the 
high  removal  is  due  laigely  to  the  extreme  concentration  of  the  raw 
sewage,  the  effluent  from  the  screens  here  containing  more  suspended 
soUds  than  any  of  the  others  listed  in  the  above  table. 

The  rates  attainable  on  the  Ri^isch-Wurl  screens  at  Rochester, 
which  have  a  diameter  of  12  feet,  have  been  det^mined  by  N.  A. 
Brown,  special  assistant  engineer,  to  be  from  16  to  40  m.  g.  d.  with 
a  loss  of  head  of  0.4  to  1  foot,  respectively,  for  the  one  eighth-iach 
slot,  and  from  16  to  35  m.  g.  d.  with  a  loss  of  head  of  1.2  to  1.7  feet, 
respectively,  for  the  one-sixteenth-inch  slot. 
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Hie  use  of  fine  soreeiis  in  this  country  has  been  largely  restricted 
(o  the  ramoTid  oi  the  larger  solids  likely  to  produce  visible  surface 
pottutioQ  when  sewage  is  diq[>osed  of  by  dilution.  The  results  at 
Rochester  would  indicate  that  they  are  not  of  any  great  value  as 
preliminary  treatment  before  sedimentation  in  tanks.  As  an  inter- 
mediate treatment  between  tiyik  and  trickling  filters,  Baltimore  has 
found  the  screens  useful,  but  when  installed  at  Atlanta  for  this 
purpose  they  were  foimd  to  be  xmnecessary  and  their  use  was  dis- 
continued. Relative  to  the  screens  at  Brockton,  which  preceded 
Imhoff  tanks,  Downes  *  states: 

It  is  interesting  to  note  that,  outside  of  interest  charges,  the  comparative  costs 
ss  between  screening  and  removing  the  objectionable  solids  from  the  tanks  by 
hand  are  just  about  equal;  that  is  to  say,  the  time  now  spent  by  a  watchman  on 
the  screen  and  the  cost  of  power  about  equal  the  cost  of  labor  in  removing  the 
coarse  solids.  The  plant,  however,  is  much  more  workable  and  the  nature  of  the 
labor  much  less  objectionable  when  the  solids  are  removed  before  reaching  the 
tanks. 

As  discussed  under  activated  sludge  the  use  of  fine  screens  as  a 
prdiminary  device  ahead  of  the  aeration  tanks  has  been  recom- 
mended, and  as  this  process  develops  the  fine  screens  may  be  accepted 
as  eeseotial. 

Hie  general  attitude  toward  fine«  screens  among  the  engineers  of 
this  coontry  has  not  become  crystallized.    Allen  '^  stated  in  1914: 

The  use  of  fine  screens  for  sewage  deserves  more  serious  consideration  than  it 
has  received  heretofore  in  America.  *  *  *  it  is  the  writer's  opinion  that  fine 
screening  will  be  adopted  in  the  future  by  many  towns  situated  on  bodies  of 
water  which  are  capable  of  assimilating  the  effluent;  possibly,  also,  as  a  pre« 
Uminary  process  to  tank  treatment,  filtration,  and  disinfection.  On  the  other 
liand,  tiie  relatively  high  cost  of  attendance  and  the  probable  lack  of  market 
for  screaningi,  when  compared  with  conditions  abroad,  will  probably  serve  to 
prevent  the  marked  increase  in  their  use  in  the  United  States  which  has  been 
eiperienced  in  Germany. 

Fuller,  in  his  ^'Sewage  Disposal,"  published  in  1912,  states: 
"Screens  have  a  far  greater  field  for  usefulness  than  is  generally 
recognized  in  America."  But  in  his  report  to  the  MetropoUtan 
Sewerage  Commission  of  New  York,  in  1913,  he  stated  that  he  pre- 
ferred fine  screeOB  to  sedimentation  tanks  only  where  it  was  advisable 
or  necessary  to  remove  only  relatively  large  sewage  matters  in  sus- 
pension. 

Metcalf  and  Eddy  "  on  the  other  hand  are  lees  optimistic,  saying: 

It  seems  probable  that  the  day  of  elaborate  fine  screening  has  passed,  in  view 
of  the  results  attained  with  improved  sedimentation  tanks.  If  the  matter  re- 
moved by  fine  screening  can  be  successfully  taken  out  in  sedimentation  basins, 
the  cost  wfSL  usually  be  less. 

•8MDOC«».TtbIaNo.flO. 
"  Sm  iwC*  S  Tiblt  No.  W. 
nAinirlc«a8«in«BPnctioe,M0CemlfaodBdd7.    VoLm,p.3SX 
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They  also  refer  to  the  opmions  and  experienoee  of  Hering,  Pearse, 
and  o&ers,  which  tend  to  discourage  the  nse  of  fine  screens  in  con- 
nection with  sedimentation  tanks,  and  to  restrict  the  field  to  pliChts 
where  the  removal  of  large  solids  is  safficient  treatment  b^ore  dis- 
posal by  dilution. 

SLUDOB 

Sludge  is  the  principal  by-product  of  sewage  treatment.  It  con- 
sists of  the  solids,  other  than  screenings,  removed  from  the  sewage  by 
the  treatment  processes.  As  the  removal  of  these  solids  is  one  of  two 
fimctions  of  a  treatment  plant,  the  ultimate  disposal  of  sludge  is  a 
necessary  part  of  the  operation  of  any  plant. 

Sludges  from  diflferent  treatment  processes  vary  greatly  in  the 
volume  produced  and  in  physical  characteristics  and  chemical  com- 
position* 

Volume. — ^The  amount  of  sludge  produced  per  million  gallons  of 
sewage  treated  depends  not  only  upon  the  treatment  process  and 
device  employed,  but  upon  the  character  of  the  sewage  treated. 
While  no  average  values  can  be  given  for  the  quantities  produced  by 
different  processes,  there  are,  with  tlie  same  sewage,  genial  tend- 
encies which  are  typical  of  the  processes.  Thus,  Imhoff  tanks  pro- 
duce a  relatively  low  moisture  content,  well  digested  sludge;  activated 
sludge  produces  the  largest  volume  with  the  highest  moisture  con- 
tent; and  chemical  precipitation  produces  the  largest  amount  of  dry 
soUds. 

In  a  general  comparison,  Eddy  ^  has  used  the  following  table: 

Tablb  No.  60. — Nomina^  volume  of  dttdge  produced  by  different  proceseee  of  setoage 

treatment 


Treatment  prooeas 


Activated  sludge 

Chemloal  predpitation 

Sedimentatioii 

Septiotaiik 

Imhoff  tank........... 

Trickling  fllter-homus  tank 


Narmri 

Yolome  of 

sladseper 
miUion 

gaDonaof 
sewage 

Proportion 

Spedflc 

of  solids 
inshidge 

gravity  of 
sludge 

treated 

(gallons) 

10,000 

2.00 

LOOO 

5,000 

7.50 

L040 

2,fi00 

&00 

L0» 

fiOO 

5.00 

LOftO 

fiOO 

l&OO 

L070 

600 

7.50 

1.025 

Weishtoi 

dry  solids 

inoiiu^ 

per  miUian 

fmHons 

oiaewaci 


(pmnOai 


l.eTS 


Judging  by  the  information  obtainable  at  the  plants  surveyed, 
records  of  sludge  production  are  not  as  a  rule  kept.  Of  the  12 
cities  visited,  5  or  6  had  information  on  this  phase  of  operation,  and 
2  or  3  others  kept  records  of  the  amount  of  sludge  removed  from  beds, 
but  had  no  determinations  of  moisture  by  which  it  would  be  possible 


»  Lights  and  shadows  of  the  activated  slodge  process.    H.  P.  Eddy,  Pablic  Works,  vol.  51 ,  pp.  IIVUS^ 
iao-133 


MERS  TAKING   SLUDGE  AT  ALLIANCE.  OHIO 


FiG.   3*.— SPREADING   SLUDGE   WITH   MANURE  SPREADER   AT  CANTON.   OHIO 
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to  approximate  the  volume  deposited  in  the  tanks.     The  following 
table  contains  the  local  data  which  were  obtained: 

Tabus  No.  61. — Volume  qf  dudge  deposited  per  miUion  gaUone  cf  sewage  treated 


City 


ItoMmore,  Md.,  bydrolytle  tanks. 
C^lambas,  Ohio,  Imboff  tanks. 


Ftehborf,  Mass.,  Imhoff  tanks ^ — 

Fisehbaig,  Mass.,  saooodary  sedimentation  tanks 
Eeadinc,  jPa.,  sepiie  tank 


a^artinCi  Pa.,  Mvengt  of  4  secondary  sedimentation 


r,  N.  Y.  (Brichton),  Imboff  tank„ 

Soobester,  N.  Y.  (Bnjgifaton),  secondary  sedimentation 


Boehestg,  N.  Y.  (Iroodeqnoit),  Imboff  tanks. 


Year  for 

» «  . 
wmon 

record  Is 

given 


1920 
1919 
1919 
1918 

1918 
1918 

1918 
1919 


Volome 

ofshidge 

deposited 

per  million 

saUcHis 

(cable 

yards) 


8.96 
S.08 
4.46 
L81 
2.82 

4.88 
L80 

.97 
LS8 


¥er  cent 
water 


9L8 


87.9 
98.9 


83.8 

87.8 
79.0 


Spedflo 
gravity 


LQ2 


L04 
1.02 


At  Alliance,  Ohio,  a  record  was  kept  of  the  sludge  beds  cleaned, 
from  which  an  approximate  volume  of  bed-dried  sludge  was  obtain- 
able; but  as  no  moisture  determinations  were  made,  the  volume  of 
sludge  fis  deposited  in  the  tanks  was  not  computable. 

Canton,  Ohio,  stopped  measuring  sludge  removal  in  1918  when  it 
became  necessary  to  supplement  the  sludge  beds  by  lagoons  and 
broadcast  application  to  fields. 

The  records  at  Atlanta  had  suffered  by  the  absence  of  the  regular 
plant  operator,  who  entered  the  Army  in  the  fall  of  1917  and  re- 
turned to  the  plant  only  a  week  before  this  survey  was  made. 

At  Houston,  Tex.,  and  Lexington,  Ky.,  only  approximate  esti- 
mates were  possible.  These  were  not  included  in  the  above  table, 
as  it  was  not  felt  that  they  are  sufficiently  accurate.  No  records  of 
any  sort  were  kept  at  San  Marcos  or  Sherman. 

Analyses  of  sludge. — ^With  the  exception  of  San  Marcos,  Tex.,  sam- 
ples of  sludge  were  taken  at  aU  the  plants  surveyed,  and  analyzed. 
The  moisture  and  specific  gravity  determinations  were,  of  course, 
made  at  the  plants,  and  the  dried  samples  were  then  shipped  to  the 
office  at  Cincinnati,  Ohio,  and  the  other  determination  made  after 
the  entire  survey  was  completed. 

The  value  of  the  fertilizing  ingredients,  especially  the  nitrogen,  is 
at  present  one  of  the  important  subjects  in  sewage  treatment  because 
of  the  development  of  the  activated  sludge  process  whereby  sludge  is 
produced  sufficiently  high  in  nitrogen  to  bring  its  recovery  within 
the  limits  of  economic  possibilities. 

For  this  reason  it  was  considered  advisable  to  include  with  the 
analyses  made  on  the  survey  those  of  sludges  at  other  cities.  These 
are  contained  in  the  following  table,  which  is  arranged  to  group 
sludges  from  different  devices  or  processes  together. 
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Tabub  No.  02. — 8lud§e  analpaeB 


'  I  '  "I  'i 


City. 


From  sepUo  tanks: 

WoroMter,  Mass 

Cohunbos,  Obioi 

CleTeland,Ohio 

RMdinc,  Pa 

Ph]£Ad3pbiiLPa.> 

Waterbdry.  Coim.> 

Akron,  Ohio 

Baltimore,  Md.« 

From  Imboff  tanks: 

Worcester,  Mass 

Philadelphia,  Pa. 

Cleveland,  Ohio 

Columbus.  Ohio 

Alliance,  Ohio 

Atlanta,  Oa.  CPeachtree) 

Atlanta,  Oa.  (Intrenchment)* 

Baltimore,  Md 

Do 

Fitchborg^  Mam ^-. 

Lexington,  Ky 

Canton,  Ohio 

Rochester,  N.  Y.  (Brixton).... 

Bochester,  N.  Y.  (Irondequoit). 

Eight  dties* 

Akron,  Ohio 

From  activated  sludge  process: 

Houston,  Tex 

Do 

Cleveland,  Ohio* 

Milwaukee.  Wis.' 

Do.» 

Sherman,  Tex 

UrbanaTlU. 

Syracuse,  N.  Y 

Worcester,  Mass.*^ 

Garbage  tankage: 

Los  Angeles.  CaliL 

Cleveland,  Ohk) 

Horse  manure . 


Refer- 


(8) 
(10) 

(7) 

(ii) 


Spe- 
dflo 
grav- 
ity 


LOU 
L088 


L048 
L026 
L07 


LOBS 
L067 

.007 
L012 
L016 
L03 

.992 
1.017 
LOM 
1.014 

.000 
1.015 
1.031 


LU 


Per 
cent 


n.4 

80.) 
9L8 
8&0 
85.8 
84.^ 
7«l7 


82.5 
85.8 
06.2 
7&4 
02.2 
87.0 
912 
02.3 
83.7 
02.0 
80.5 
85.5 
87.4 


7&0 


07.5+ 
00.8 

ia5 


vola* 
tile 

mat- 
ter 


43.0 
218 
4a8 
47.0 
^0 
45.5 
43.8 
73.S 

40il 
38.0 
310 


52.1 
47.8 
80.1 
87.7 
82.7 
7a4 
51.7 
37.8 
32.8 
47.0 
80wl 
48.4 

417 
46.0 
40.0 
57.5 
52.5 
76.6 


Pvoent  dry 


Total 
nitro- 
gen 


3.01 
L34 
L50 


L35 

L36 

.06 

2.64 

2L63 

L2 
1.2 
18 
2.5 
13 
L2S 
8.6 
.76 
10 
8.0 

1:S 

12 
L61 
.80 

3.0 

11 

121 

15 

5.1 

5.8 


5.1 
106 

106 

11 

1.7 


Phos- 
phates 

as 
PfeOi 


L2 


LO 
LO 
L6 


.8 

.58 

L6 

10 

L2 

.8 

.8 

L15 


11 
12 

L7S 
10 
L5 
18 


126 

1.06 
10 
.26 


sfaun 


.6 
.4 
.5 


.1 

.10 

.6 

.8 

.2 
.2 
.6 


.4 

.4 


.6 


L23 
Lb 


sohi- 
ble 


18 

10 

"fj' 

1A8 

II 

If 


1$ 

41 

M.4 

IS 

lis 

II 

201 


7.7 
IS 

HO 
10 
10 


13 

10 

11 

177 

II 

13 

104 

"v'J 
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<  Average  of  5  analyses.  *  Average  of  18  to  20  analyses;  oidy  3  for 

>  Average  of  2  anao^ses.  '  From  sedimentatian  tank. 

*  Fromhydrolytio  tank.  *  Dried  press  cake 

*  Average  of  36  analjrses.  *  Average  of  4  analjMB, 

*  Average  of  analyses  of  air-dried  sludge  firom  8  cities. 

References  for  Table  No.  62 

(1)  Ammcan  Sewerage  Practice,  Metcalf  and  Eddy.     Vol.  1X1,  pp.  470-471. 

(2)  Report  on  Tests  at  Sewage  Testing  Station,  Cleveland,  Ohio,  1914.    Rob- 

ert Hoffman,  R.  Winthrop  Pratt,  Harry  B.  Hommon. 

(3)  Experience  and  Results  of  Four  Years'  Operation  of  Coarse  Bcreeos,  Grit 

Chambers,  Imhoff  Tanks,  and  Trickling  FUtere  «i  Atlanta,  Qa.  Cbariei 
C.  Hommon.  Paper  read  at  38d  Annual  Convention  of  Amflrion  QoMy 
of  Municipal  Improvements,  October,  1913. 

(4)  Activated  Sludge  Results  at  Cleveland.     R.  W.  Pratt  and  Q.  B.  Gftfooigz^ 

Engineering  News,  vol.  76,  pp.  1061-1066,  1124-1128. 

(5)  Third  Annual  Report  Milwaukee  Sewerage  Commission. 

(6)  The  Fertilizer  Value  of  Activated  Sludge.     W.  D.  Hatfield,  DUnois  State 

Water  Survey,  Bulletin  No.  16,  p.  101. 

(7)  Garbage  and  Rubbish  Disposal  in  Los  Angeles,  Calif.    S.  C.  Simons.    En- 

gineering News,  vol.  76,  p.  679. 

(8)  Economic  Values  in  Sewage  Sludge.     R.  Wells.     Proceedings  Americto 

Society  Municipal  Improvements,  vol.  26,  pp.  55-97. 
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(9)  Nine  Years'  Operation  of  the  Baltinuwe  Sewage  Works.    T.  C.  Sohaetile. 
Engineering  News-Record,  vol.  87,  p.  98. 

(10)  Annual  Report  Superintentent  of  Sewers,  1919. 

(11)  Bulletin  246,  Ohio  Agricultural  Experiment  Station. 
(1^  From  drier. 

(13)  Fhxn  dust  room. 

(14)  Surv^  results. 

(15)  R^fX)rt  on  Sewage  Testing  Station,  Akron,  Ohio,  1912.    Harry  B.  Hommon. 

It  is  noted  that  the  specific  graTities  of  three  of  the  slndges  analyzed 
on  the  survey  are  less  than  1.0.  These  samples  contained  at  the  time 
of  analyius  Imrge  mmibers  of  minute  gas  bubbles  ^dUich  could  not  be 
remoTed.  Hie  analyses  were  made  on  freshly  drawn  samples  and 
the  reBolts  were  checked. 

While  there  is  more  or  less  variation  in  sludges  produced  by  the 
same  process  from  different  sewages,  the  one  outstaiKiing  difference 
in  the  above  table  lies  in  the  nitrogen  contents  of  sludge  from  the 
activated  sludge  process  as  compared  with  other  sludges,  the  former 
averaging  4«2  per  cent  or  more  and  the  latter  2.1  per  cent. 

With  acid  treatment  the  nitarogen  in  activated  sludge  has  been 
further  increased.  Eddy  ^  estimates  this  increase  to  average  12  per 
eeoi.  He  ako  states  that,  since  in  pressing  solids  low  in  nitrogen  are 
lost  with  the  press  liquor,  there  is  an  appar^it  nitrogen  increase  in 
pressed  shidge,  which  he  estimates  at  9  per  cent. 

After  ignition  for  the  determination  of  volatile  matter  the  residual 
ash  was  analyzed.  The  results  of  these  analyses  are  contained  in 
the  foUowing  taUe.  For  the  sake  of  completeness  the  phosphates 
and  potash  already  recorded  in  Table  No.  62  are  repeated  here. 

Tabls  No.  63. — Mineral  analysea  of  the  ash  from  sludges  obtained  on  the  survey 
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Sludge  ag  a  fertiliser. — The  use  of  sewage  sludge  as  a  fertilizer  is 
receiving  more  attention  now  than  ever  before  in  this  country,  due 
to  the  production  of  a  relatively  high  nitrogen  sludge  by  the  activsttd 
sludge  process.  There  appear,  however,  to  be  some  grounds  to  ques- 
tion the  general  tendency  to  disr^ard  sludges  from  other  proceesea. 

The  utilizatioD  of  sludge  may  be  viewed  from  two  angieB.  Fiist, 
the  application  of  sludge  direct  to  the  soil  either  in  liquid  form  as  it 
comes  from  the  tanks  or  in  a  solid  form  as  it  is  taken  from  drying  beds. 
This  use  is  restricted  to  areas  not  far  distant  from  the  treatmeot 
plant.  Second,  the  production  of  an  article  comparable  in  form  to 
commercial  fertilizers,  and  with  sufficient  chemical  fertilizing  ingredi- 
ents to  justify  its  use  as  a  filler  for  high-grade  fertilizea^,  or  as  a 
low-grade  f ertHizer  by  itself. 

Up  to  the  time  activated  sludge  was  developed  the  second  medtod 
was  practically  precluded  by  the  low  nitrogen  content  as  compared 
with  the  coat  of  the  preparation.  It  is  believed,  however,  that  suffi- 
cient attention  has  not  been  given  to  the  first  method,  espeotlly 
where  conditions  can  be  favorably  developed. 

It  is  probable  that  this  has  been  due  to  the  fact  that,  for  the  mosi 
part,  only  the  chemical  fertilizing  ingredients  of  the  sludge  have  bea 
taken  into  consideration,  whereas  the  effect  of  the  organic  matter  in 
the  sludge  on  the  texture  of  the  soil  and  the  fertility  value  of  the 
humus  formed  from  the  sludge  are  factors  well  wtvthy  of  ooDBidaa- 
tion. 

Bach  and  Frank  '*  conclude  that  the  physical  quality  of  character 
is  equally  as  important  as  die  content  of  nitrogen.  Similar  expres- 
sions have  been  made  by  Imhoff  and  others,  but  the  general  tendency 
has  been  to  deprecate  the  value  of  sludge  because  of  its  low  chemical 
fertilizing  constituents. 

These  factors  are  well  recognized  in  the  case  of  barnyard  or  stall 
manure  in  which  the  plant-food  content  is  but  little,  if  any,  hi^er 
than  in  many  slu(^es.  "In  general,  stall  manures  are  found  to  have 
a  higher  manurial  value  than  is  indicated  by  the  amoimt  of  phos- 
phorus, potash,  and  nitrogen  which  they  contalu.  Through  them 
there  is  introduced  into  the  soil  large  quantities  of  humus  bodiw. 
whereby  the  physical  state  of  the  soil  is  profoundly  modified  and  iu 
adaptability  to  the  growth  of  crops,  as  a  rule,  increased.""  ' 
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btt^^ria  in  activated  sludge  may  produce  auximones,  and  that  it  is 
for  this  reason  that  this  material  shows  a  superiority  to  other 
manures."'*    . 

Boiiomley^^  in  1915  gives  the  name  auximones  to  those  organic 
substances  necessary  in  small  amounts  for  tlie  growth  of  plants  and 
in  some  respects  anal(^ous  to  Suziki's  ^'orizinins/'  or  Fimk's  '' vita- 
mines/'  but  differing  from  vitamines  in  that  they  are  not  destroyed 
by  heat.     They  are  plant-food  accessories. 

It  is  not  believed  that  sewage  sludges  have  ever,  as  yet,  been  tested 
for  auximones.  The  possibility  of  their  presence  together  with  the 
other  values  inherent  in  sludges  for  plant  production  has  not  been 
^ven  general  attention. 

Popular  prejudice  has  also  militated  against  the  use  of  the  sewage 
shklge.  At  one  city  visited  a  teacher  of  botany,  while  admitting  the 
increased  yield  from  sludge  treated  land,  urged  against  its  use  because 
the  "fruit"  would  not  be  "fit"  to  eat. 

The  treatment  plant  operator  who  has  to  dispose  of  his  sludge  after 
its  removal  from  drying  beds  can,  in  many  cases,  develop  a  demand 
for  this  sludge  among  farmers  in  the  vicinity  of  the  plant.  The 
expense  of  hauling  sludge  from  the  plant  can  be  saved,  and,  after  a 
time,  a  small  charge,  probably  sufficient  to  pay  for  the  labor  of 
deanmg  the  beds,  can  be  made  for  the  sludge. 

At  three  plants  visited  on  this  survey.  Alliance,  Ohio,  Canton, 
Ohio,  and  Rochester,  N.  Y.  (Irondequoit  plant),  the  local  farmers 
w^^  making  extensive  use  of  the  sludge,  calling  for  it  at  the  plant 
and,  at  Rochester,  paying  a  small  sum  for  it.  At  Lexington,  Ky., 
also,  fanners  were  experimenting  with  the  sludge  in  1920  and  using 
it  in  increasing  amounts  in  1921.  Some  was  used  at  Baltimore,  Md., 
but  the  bulk  of  the  bed-dried  sludge  at  this  plant  was  sold  to  a  re- 
duction company  which  maintained  a  drying  plant  on  adjacent  land. 

At  no  place  was  any  extensive  information  available  from  which 
quantitative  results  of  the  use  of  sludge  could  be  determined.  Gen- 
wal  opinions  and  experience  were,  however,  very  favorable. 

At  Alliance,  Ohio,  four  farmers  were  interviewed.  No.  1  with  a 
day  loam  soil  used  imdigested  sludge  from  plain  sedimentation  tanks 
for  grass,  com,  and  wheat.  He  considered  sludge  with  75  per  cent 
moisture  as  taken  from  the  beds  to  be  worth  twice  its  weight  of  barn- 
yard manure.  When  used  as  a  top  dressing,  followed  by  lime  which 
he  uses  also  with  manures,  on  wheat  and  clover,  he  had  the  biggest 
crops  he  had  ever  raised.  With  too  heavy  application  the  crop  never 
heads,  and  only  a  rank  growth  is  produced.     He  felt  he  was  still 

"  Divert,  hj  ¥nnnrth  AUen,  of  monograph  by  Dr.  Oflbert  J.  Fowler,  Engiiieeriiic  and  Contracting, 
Aug.  2S,  liSl. 
VA  BmslmUA  Ttst  lor  Plant  Food  Aceeesorka  (Atuimones).    W.  B.  Bottomley.    Proc  Roy.  Soe. 


180  SBWAOE  TBEATMENT  IK  THE  VTSfTTBD  STATES 

getting  benefit  from  sludge  applied  four  years  preyionidy.  How- 
ever, he  has  not  hanled  any  sludge  the  past  few  years  as  he  has  not 
had  time. 

No.  2  hauled  bed  dried  digested  sludge  4  miles  and  used  it  for  corn, 
wheat,  grass,  and  potatoes  on  a  poor  day  land  known  as  '^  Leadngton 
clay."  He  claimed  an  increased  yidd  of  about  100  per  cent  for  the 
com,  wheat,  and  grass  over  similar  land  receiving  no  fertilizer.  The 
potato  crop  failed  because  of  a  dry  season.  One  field  treated  with 
sludge  eight  years  previoimly  is,  in  his  opinion,  still  showing  the 
benefit.  In  general  he  considers  sludge  to  be  of  about  the  same  value 
as  barnyard  manure,  but  harder  to  handle. 

No.  3  has  been  using  sludge  since  1916  for  wheat  and  com,  hauling 
it  2}/i  miles.  He  has  used  sludge  only  with  barnyard  manure  followed 
with  lime.  He  could  give  no  specific  results,  but  considered  sludge 
dightly  superior  to  manure,  the  greatest  objection  being  the  odor  if 
the  sludge  is  piled. 

No.  4  has  hauled  sludge  1}4  nules  and  used  it  for  com,  oats,  wheats 
and  grass  (timothy) .  He  does  not  think  he  was  benefited  very  much 
in  the  com  yield;  the  oats  and  wheat  were  good,  but  a  phosphate 
fertilizer  was  used  with  the  sludge;  the  grass,  however,  was  the  best 
he  had  ever  had.  He  uses  about  10  loads  per  acre,  the  same  as  wfa^ 
using  barnyard  manure,  spreading  by  hand  as  a  top  dressing,  but 
feels  that  it  would  be  better  to  plow  it  under.  Given  his  choice  he 
would  prefer  barnyard  manure  as  giving  more  lasting  benefit,  but  be 
considers  the  sludge  well  worth  hauling. 

At  Baltimore  the  hydrolytic  tank  sludge  from  the  beds  went  to  a 
drying  plant.  SeverflJ  farmers  used  the  screenings  from  the  coarse 
bar  screens,  but  the  only  sludge  available  to  them  was  that  from  the 
beds  located  by  the  Imhoff  tfmks,  of  which  only  one  or  two  units  were 
in  operation  during  1919  and  1920.  The  fmmers  remove  the  sludge 
from'  the  beds,  saving  this  expense,  and  pay  in  addition  25  cents  per 
load,  which  may  be  one  or  two  tons  according  to  the  size  of  the  wagon 
or  track. 

One  fanner,  No.  5,  considered  sludge  ''too  strong,"  claiming  thai 
it  ''burned  up  the  crops."  This  is  fairly  common  experience  where 
too  much  sludge  is  used  or  where  the  soil  is  particularly  dry  during  a 
growing  season.  This  farmer  has  had  good  results  with  beans  when 
using  sludge  direct  from  the  tanks,  applying  about  4,000  gallons  per 
acre. 

No.  6,  the  superintendent  of  the  sludge  drying  plant,  reported  a 
yield  of  17  bu^els  of  potatoes  from  1  bushel  of  seed  when  using  heat- 
dried  sludge.  He  tested  eggplants,  sludging  5  plants  and  using  5 
plants  as  a  check  without  any  fertilizer.  The  5  sludged  vines  yielded 
40  matured  eggplants,  but  the  5  check  vines  only  1  or  2  poor  plants. 
With  cucumbers,  which  are  considered  hard  to  raise  in  that  section. 
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he  obtained,  with  dudge  fertilizaticm,  yields  five  times  as  large  as 
withoat  fertalization.  It  is  unfortunate  that  no  data  were  kept  of  the 
amount  of  sludge  used  or  that  no  other  fertilizer  was  used  to  compare 
with  the  sludge. 

No.  7,  using  bed-Hlried  sludge  on  grass,  considered  it  the  equal  of 
barnyard  manure,  reporting  an  increased  yield  due  to  sludge  of  at 
least  two  to  two  and  one^bialf  times  that  of  unfertilized  fields. 

The  fanners  at  Cantcm,  Ohio,  were  the  most  enthusiastic  users  of 
dudge  met  during  the  surrey.  Six,  including  the  superintendent 
of  the  sewage-treatment  plant,  were  interviewed.  No.  8,  the  super- 
intendent of  the  plant,  has  used  slu(ige  on  the  farm  connected  with 
the  fdbnt.  The  soil  b  sandy  and  was  badly  run  down  when  taken 
o^er  by  the  city.  In  1918  sludge  was  iq^plied,  6  loads  per  acre,  to 
18  acres  of  sandy  soil,  ploughed  under,  and  the  field  planted  in  com. 
There  was  no  appreciable  benefit  derived  that  year.  In  1919  sludge 
from  the  tanks  was  pumped  onto  this  land,  about  25  to  30  cubic 
yards  per  acre,  ploughed  under,  and  com  again  planted.  This  year 
the  yield  was  increased  by  an  estimated  50  per  cent.  In  1920  this 
lame  18  acres  without  any  additional  slu(ige  and  a  10--acre  field  of 
poor  cday  land  treated  with  20  loads  of  bed-dried  sludge  per  acre  was 
sown  in  oats.  The  yield  was  about  43  bushels  per  acre.  After 
harvesting  the  oats,  winter  wheat  was  planted.  In  spite  of  frosts, 
which  injured  all  wheat  more  or  less,  the  yield  was  25  bushels  per 
acre  as  compared  with  an  average  of  15  for  the  vicinity.  In  the  fall 
of  1919  and  winter  of  1920  another  field  planted  in  grass  was  top 
dnsBed  with  slu<^e  direct  from  the  tanks  with  a  fire  hose,  a  total  of 
IH  to  2  inches  being  applied.  When  inspected  in  June,  1920,  the 
growth  was  so  rank  and  heavy  that  it  was  questionable  whether  it 
would  stand  up  to  be  harvested 

No.  9  considered  bed-dried  sludge  superior  to  the  best  stable 
manure.  He  used  it  only  as  a  top  dressing.  After  hating  had  a 
poor  wheat  crop  in  tlie  fall  of  1919  on  land  which  six  years  previously 
was  considered  worth  $40  per  acre  as  against  an  average  value  for  the 
locality  of  $100,  he  top  dressed  with  sludge,  using  a  manure  spreader 
set  at  8  loads  per  acre,  and  planted  in  winter  wheat.  The  yield  was 
40  bushels  per  acre,  while  similar  land  on  the  same  farm  yielded  19  3^. 
Following  the  wheat  with  clover,  he  obtained  a  rank  stand  which 
ripened  earlier  than  other  clover,  but  the  crop  was  lost  by  wet  weather. 
In  another  field  of  49  acres,  9  acres  were  treated  with  sludge  in  1918, 
QfliBg  20  H  loads  per  acre,  and  planted  with  mixed  clover  and  timothy. 
Two  crops  were  harvested  from  these  9  acres,  the  first,  so  heavy  that 
it '' wuit  down"  and  was  hard  to  cut,  gave  30* tons  and  the  second  5 
tone,  or  a  total  of  about  4  tons  per  a<nre.  On  the  40  acres  not  sludged 
a  total  of  42  tons  was  obtained.  This  was  considered  a  fair  crop,  1  )^ 
tons  per  acre  being  a  good  yield  for  the  locality.    This  field  after 
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two  years  was  considered  as  still  being  benefited  by  the  sludge.  This 
farmer  considers  from  his  experience  that  sludge  is  good  for  grasses, 
wheat;  and  com,  but  ''too  strong"  for  oats,  the  one  crop  he  tried  it  on 
growing  so  rank  that  it  ''went  down"  before  ripening.  Oats,  he 
said,  can  be  grown  the  second  year  after  sludge  treatment. 

No.  10  also  preferred  sludge  to  barnyard  manure.  He  had  at  tiie 
time  of  the  survey  a  good  stand  of  wheat  on  land  to  which  he  had 
applied  20  loads  pf  sluc^e  per  acre,  land  which  was,  to  start  with, 
too  "poor"  to  raise  any  crops  at  all.  (See  fig.  No.  37.)  With  rasp- 
berries he  got  an  estimated  increase  of  25  per  cent.  The  crop  was 
not  earlier  but  the  berries  were  bigger. 

No.  11  considered  sludge  nearly  as  good  as  manure.  He  obtained 
a  yield  of  25  bushels  of  wheat  per  acre  on  land  treated  with  15  loads 
of  sludge  per  acre,  but  admitted  that  he  had  always  had  plenty  of 
manure  and  had  had  equally  as  good  crops  from  the  same  field 
which  was  "good"  land. 

No.  12  reserved  judgment  on  the  value  of  sludge  as  compared  wtth 
manure,  but  he  gave  the  results  of  his  tests  as  follows:  Land  so! 
''thin"  that  his  neighbors  told  him  he  would  never  get  his  seed  com 
back  was  top  dressed  with  22  loads  per  acre.  The  crop,  howevo-, 
was  better  than  the  average  on  reputed  good  land.  To  test  the 
relative  value  of  sludge  and  manure,  he  took  a  field  of  30  acres, 
treating  15  acres  with  sludge  and  15  with  manure  (the  amounts  used 
were  not  given).  The  sludged  sections,  he  reported,  was  superior  to 
the  manured  section,  the  cattle  preferring  the  sludged  section  and 
eating  the  grass  closer.  The  poorest  part  of  a  hay  field  with  15  loads 
of  sludge  per  acre  yielded  three  times  the  crop  of  the  untreated 
better  section.  A  tract  of  shale  clay,  "too  poor  for  grass"  a  few 
years  ago,  was  given  18  loads  of  sluc^e  and  9  loads  of  manure  per 
acre.  The  stand  of  wheat  in  the  siunmer  of  1920  was,  he 
the  best  in  the  vicinity. 

No.  13,  while  not  strictly  a  farmer,  used  sludge  in  his  private 
vegetable  garden.  He  was  an  enthusiastic  advocate  of  sludge  for 
all  garden  truck,  considering  it  superior  to  barnyard  manure. 
Nothing  had  been  put  on  his  land  for  the  three  years  before  he  ap- 
plied two  loads  of  sludge  to  a  plot  50  by  80  feet,  or  about  22  loads 
per  acre.  His  sweet  potatoes  were  the  "best  he  had  ever  had.'' 
Irish  potatoes  gave  an  exceptional  yield,  beets  were  better  than 
usual,  onions,  lettuce,  cabbage,  peas,  beans,  cauliflower,  parsnips, 
sweet  com,  cucumbers,  and  tomatoes  were  good,  but  he  was  unable 
to  give  any  relative  figures. 

At  Rochester,  N.  Y.,  the  bed-dried  sludge  from  Imhoff  tanks  was 
called  for  by  farmers  who  paid  50  cents  per  two-horse  wagon  load. 
It  was  intimated  that  this  charge  might  influence  some  of  the  f annecs 
to  belittle  the  value  of  the  sludge  to  prevent  any  advance  in  phoe. 


FIG,  36.— GLASS-COVERED  SLUDGE   BEDS  AT  CANTON,   OHIO 
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Hie  principal  crops  raised  in  this  territory  are  garden  truck,  peaches, 
and  some  grain. 

Farmer  No«  14  had  growing  at  the  time  of  the  survey  potatoes 
and  tomatoes,  some  of  each  fertilized  with  sludge  and  some  with 
manure.  He  stated,  as  was  obvious  on  inspecticm,  that  the  sludged 
areas  looked  better  than  the  manured,  but  the  atop  had  not  been 
harvested.  In  the  experi^ice  of  this  man  sludge  was  beneficial 
to  celery.  He  considered  sludge-  better  than  manure  for  heavy 
gnnmd  ccmtaining  plenty  of  moisture,  but  the  manure  better  for 
l^it  dry  land,  sludge  on  this  land  burning  up  the  crop. 

No.  15  had  used  sludge  for  com,  peaches,  and  garden  truck. 
He  stated  it  was  especially  good  for  peadi  trees,  and  while  on  the 
whole  he  considered  cbw  manure  a  better  fertilizer,  sludge  being 
^  t<x>  hot"  in  a  dry  season,  he  felt  that  sludge  was  a  ''good  fertilizer." 

No.  16  had  used  sludge  for  com,  tomatoes,  and  around  (Orchard 
trees,  applying  50  cubic  yards  per  acre,  the  same  as  when  using 
manure.  He  has  had  good  results  and  considwed  sludge  a  ''good 
substitute  for  manure." 

No.  17  in  1919  fertilized  three  different  paUdies  of  tomatoes,  one 
each  with  sheep  manure,  tankage,  and  sludge.  He  was  not  able 
to  notice  much,  if  any,  difference  in  the  yield.  In  1920  he  was  using 
sludge  for  early  potatoes,  parsley,  celery,  and  onions,  all  of  which 
looked  good  but  had  not  ripened  at  the  time  of  the  survey.  This 
farmer  considered  sludge  as  good  as  barnyard  manure,  richer,  if 
anything,  but  cautioned  against  using  too  much. 

Four  or  five  more  fanners  were  seen  at  Rochester.  The  consensus 
of  opinion  was  that  while,  on  the  whole,  sludge  was  inferior  to  manure 
it  made  a  good  substitute,  being  even  better  on  heavy,  wet  land 
bai  likely  to  bum  up  the  crop  on  light  land  or  in  a  dry  season. 
There  was  also  more  or  less  complaint  of  odors,  especially  on  muggy 
days. 

In  Lexington,  Ky.,  a  few  farmers  had  used  sludge  for  tobacco 
and  various  other  crops,  but  none  felt  that  they  had  had  sufficient 
experience  with  it  to  venture  an  opinion  as  to  its  value.  Reports 
trouL  this  plant  in  1921  indicate  a  rapidly  increasing  use  and  inj^ereat 
among  the  farmers. 

These  experiences  are  not  given  as  proofs  of  the  value  of  digested 
sewage  sludge  from  sedimentation  tanks.  The  personal  equation, 
the  lack  of  specific  quantitative  results,  the  absence  of  properly 
controlled  comparisons  with  other  fertilizers,  and  other  factors,  idl 
prevent  the  statanent  of  any  definite  conclusions.  It  is  believed, 
however,  that  they  have  a  distinct  value  and  are  worthy  of  serious 
oonaideraiion.  The  following  is  a  g^ieral  summation  of  the  infor- 
mation obtained: 
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(1)  Of  20  fanners  interyiewed  at  four  cities,  6  considered  dodge 
superior  to  barnyard  manure,  volume  for  volume  (sludge  uaed  coo* 
tained  probably  60-75  per  cent  water) ;  5  considered  it  equal  or  neariy 
so;  5  considered  it  inf^or,  but  3  of  the  5  held  it  to  be  a  good  sobsUtnte 
and  in  wet,  heavy  groimd  superior;  and  4  voitured  no  opinion. 

(2)  With  the  decreasing  production  of  manure,  due  to  the  npA 
growth  of  the  use  of  automobiles,  sludge  should  be  looked  to  more 
and  more  as  a  substitute  for  local  use. 

(3)  Under  certain  conditions,  the  nature  and  extent  of  which  have 
never  been  studied,  sludge  possesses  a  value  greats  than  the  chem- 
ical analyses  of  its  plant  food  constituents  would  indicate. 

(4)  There  is  a  diflPerence  of  opinion  as  to  the  best  method  of  apply- 
ing sludge,  whether  as  a  top  dressing  or  plo^^ing  under. 

(5)  There  is  more  or  less  odor  from  sludge,  especially  when  piled, 
and  on  muggy  days,  but  this  odor  does  not  carry  veiy  far  and  is  no 
more  objecticmable  than  many  commercial  fertilizers. 

(6)  The  weed  seeds  in  the  sludge  are  not  a  serious  objection  to 
its  use. 

(7)  Practical  large  scale  experiments  should  be  made  with  slodge 
to  obtain  quantitative  data  upon  which  to  judge  the  value  of  slodge 
to  the  soil.  In  these  experiments  the  ''extra"  plant  food  benefits 
of  its  use  should  be  given  due  considerati<m.  The  fanners  claim 
to  be  too  busy  to  make  tests,  but  they  want  to  know  among  other 
things:  (a)  The  best  method  of  applying  sludge — as  a  top  drooring 
or  plowing  imder;  (fi)  the  quantity  to  be  used  with  different  soils; 

(c)  a  direct  quantitative  comparison  of  the  increase  in  yield  obtained 
with  sludge,  barnyard  manure,   and  some  commercial  fertiliser; 

(d)  the  lasting  effect  on  the  soil. 

Hatfield  ^^  reports  a  series  of  fertilizer  experiments  using  varioas 
types  of  dried  sludge,  dried  blood,  and  scnne  other  commercial  ferti* 
lizers.  The  experiments  were  practically  all  made  with  pot  cultaresi 
the  results  of  which  themselves  indicated  to  the  authors  ^e  necessit; 
for  field  tests  to  detennine  the  proper  amount  of  various  sludges  to 
be  used  to  obtain  the  best  results.  In  one  series  where  activatoi 
sludge  was  applied  in  amount  varying  from  one-half  to  3  tons  per 
acre,  the  best  yield  was  obtained  from  IH  tons,  with,  however,  3 
tons  giving  practically  the  same  results.  In  a  second  series  one4itlf 
ton  gave  30  per  cent  better  results  than  any  higher  amount  up  to 
20  tons  per  acre.  This  was  explained  by  the  fact  that  the  pots 
containing  the  higher  amoimts  over  one-half  ton  per  acre  had  been 
fertilized  the  year  before  and,  on  the  basis  of  other  tests,  sfaouM 
show  a  decreased  yield  the  second  year.  Imhoff  tank  sludge  wn 
used  at  10  and  20  tons  per  acre  rates,  which  is  probably  equrealeot 

!•  The  Fertiliser  Value  of  AcUvated  Sludge,  William  Dunel  Hatfield.   DUnoia  State  Wat«  B^ni 
BuUetin  No.  le. 
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to  2  to  4  times  that  actually  used  by  the  fanners  interviewed  on  the 
nDTey,  most  of  whom  cautioned  against  using  excessive  amounts. 
The  laige  amounts  of  Imhoff  sludge  were  used  to  secure  a  nitrogen 
IS  h^  as  other  sludges  and  fertilizers  used. 

It  is  not  to  be  expected  that  bed-dried  sewage  sludge  can  be  placed 
m  an  equal  footing  with  commercial  fertilizers  or  return  a  profit  on 
xpeDsive  methods  of  treatment,  but  it  is  belieyed  that  a  demand 
or  shidge  can  be  developed  among  farmers  in  the  vicinity  of  many 
•reatment  plants,  that  revenues  can  be  obtained  from  it  which  will 
^  a  long  way  toward  paying  for  the  unavoidable  costs  of  handling 
it  the  fdanty  and  that  in  the  agricultural  activities  of  a  conmmnity 
here  is  an  economic  place  for  sludge  produced  by  that  community. 

The  production  of  a  prepared  fertilizer  from  sewage  sludge  appears 
o  be  economic  only  from  sludge  obtained  from  the  activated-sludge 
process.  In  Baltimore  a  contractor  paid  the  city  82  cents  per  ton, 
0  per  omt  moisture  basis,  for  bed-dried  sludge  delivered  to  his  drying 
dant  oontaining  on  an  average  2  or  more  per  cent  nitrc^en,  which  it 
lid  about  two-thirds  of  the  time.  The  contract  calls  for  the  ddivery 
•f  sludge  at  70  per  cent  water.  At  the  time  of  the  survey,  July,  1920, 
he  contract  was  near  expiration  and  arrangements  had  not  been 
oade  for  the  future.  The  superintendent  of  the  plant  felt  that  a 
rell-designed  plant  averaging  17  tons  of  dried  product  per  day  could 
Teak  even,  and  make  money  at  20  tons  per  day  which  is  about  equiva- 
eot  to  70  tons  of  70  per  cent  wet  sludge.  It  would  appear  that  this 
rould  depend  upon  the  price  obtainable  for  nitrogen,  though  the 
uperintendent  estimated  that  operating  costs  would  follow  nitrogen 
alue.  There  was  no  difficulty  in  disposing  of  the  product,  the  mar- 
ei  tcft  even  the  2  per  cent  nitrogen  material  heing  greatly  in  excess, 
\  1920,  of  the  output  of  the  plant.  Purchasers,  it  was  stated,  used 
be  dried  aludge  as  a  base  or  filler  for  high-grade  fertilizers. 

In  drawing  any  conclusions  from  this  plant  several  factors  must  be 
onsidered:  (1)  The  plant  itself  was  in  poor  shape,  probably  improp- 
rly  designed  in  the  first  place;  (2)  there  was  not  sufficient  sluc^e  to 
[low  uninterrupted  operation;  (3)  the  raw  sludge  had  already  been 
artially  treated,  the  moisture  having  been  reduced  to  about  70  per 
BQt  on  the  beds  without  expense  to  the  contractor;  (4)  the  market 
rice  of  nitrogen  was  high;  (5)  the  plant  as  it  stands  was,  according 
}  the  superintendent,  losing  money. 

Raymond  WeDs  ^*  places  3  per  cent  as  the  minimum  ammonia 
mtent  (about  2.4  nitrogen)  below  which  any  attempt  at  recovery 
economically  useless. 

.  ■  ■         ^m    m  II  - ■  1—   "^ ■   -     -      "^ 1 "•    -        ■  ■    ■      I    ■  _ 

>  EooDomle  ValuM  In  Sewage  Sludge*  Raymond  WeUs.  Municipal  Journal  and  Public  Works,  Nor. 
191IL 

99610*— 25t ^13 


186  SEWAGE  TREATMENT  IN  THE  UNITED  STATES 

From  an  economic  and  business  standpoint,  any  goods  falling  below  this 
rating  had  better  be  forgotten  and  no  time  wasted  on  developing  methodB  of 
handling. 

Others  have  placed  4  per  cent  nitrogen  as  a  minimum  figure  for  a 
salable  product  Both  of  these  values  are  higher  than  can  norm&ilj 
be  expected  in  average  digested  sludges.  In  spite  of  the  recovery 
plant  at  Baltimore,  it  appears  reasonable  to  conclude,  as  has  already 
been  stated,  that  the  disposal  of  digested  sludges  from  sedimentation 
tanks  must  be  accomplished  locally. 

With  the  activated  sludge  process,  however,  it  is  reafionable  to 
expect  the  sludge  to  contain  at  least  4  pear  cent  nitrogen  and  prob- 
ably more.  Upon  the  economic  value  of  the  sludge  depends  the 
success  or  failure  of  the  activated  process  for  large  installations. 
There  may  be  exceptions,  such  as  the  necessity  for  concentrating  the 
plant  into  a  small  area,  or  the  demand  for  an  tmusually  high-grade 
effluent,  but,  in  general,  the  cost  of  the  activated  sludge  process,  in- 
volving the  disposal  of  tremendous  volimies  of  sludge,  will  be  ivo- 
hibitive  unless  the  recovery  of  valuable  sludge  is  able  to  partially 
pay  for  operating  expenses. 

The  present  developments  of  this  method  are  sufficient  to  justify 
the  statement  that  the  recovery  of  sludge  is  feasible  and  the  recov- 
ered product  will  pay  for  part  of  the  operating  expenses,  but  it  b 
not  possible  to  more  than  estimate  the  net  cost  of  the  process.  Large 
experimental  plants  have  given  valuable  data,  but  there  is  not  in 
existence  in  this  country  any  large  plant  operating  under  routine 
conditions  at  which  the  treatment  and  sale  of  sludge  has  been  demoD- 
strated. 

The  recovery  process,  which  has  already  been  described,  consists 
of:  (1)  Concentration,  with  or  without  acidification,  in  sedimenta- 
tion tanks;  (2)  partial  dewatering  by  presses  or  centrifugal  machinft^; 
(3)  heat  drying.  None  of  these  processes  have  as  yet  heem  stand- 
ardized. Their  feasibility  has  been  demonstrated  at  testing  statiooa 
but  they  can  not  be  said  to  have  passed  beyond  the  devdopmeni 
stage. 

Anoth^  factor  to  be  considered  is  the  market.  The  ability  of  the 
market  to  absorb  the  quantity  of  sludge  which  would  be  produced  if 
many  of  the  larger  cities  adopted  the  activated  sludge  process  is  yet 
to  be  determined.  Some  of  the  first  plants  may  find  a  ready  market 
for  their  product,  but  subsequent  installations  must  consider  the 
probable  point  of  satiu'ation. 

Reports  of  the  fertilizing  value  of  dried  activated  sludge  have  been 
favorable.  For  the  most  part  they  have  been  "pot"  experimente, 
but  as  such  they  have  been  fairly  conclusive.     The  experiments  of 
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Hatfield  and  Bartow  ><>  in  1915  and  of  Hatfield  >"  in  1918  indicated 
that  activated  sludge  gave  better  results  than  dried  blood,  gluten 
mealy  or  inorganic  nitrogenous  fertilizer^  equivalent  nitrogen  being 
used  in  each  case.  The  application  and  extension  of  such  experiments 
to  actual  conditions  on  a  large  scale  offers  an  attractive  field  of 
investigation. 

The  present  status  of  the  preparation  of  sludge  for  the  commercial 
fertilizer  market  may  be  summed  up  as  follows: 

(1)  The  drying  of  sludge,  digested  or  fresh,  from  the  sedimentation 
processes  for  use  as  a  comm^cial  fertilizer  can  not  be  considered 
economically  feasible  because  of  the  low  nitrogen  content. 

(2)  The  drying  of  sludge  from  the  activated  sludge  process,  con- 
taining 4  per  cent  or  more  of  nitrogen,  for  use  as  a  commercial  fer- 
tilizer c^ers  attractive  possibilities,  but  its  success  has  not  been 
demonstrated. 

(3)  The  processes  of  drying  are  still  in  the  devdopment  stage. 
They  have  been  tried  only  at*  testing  stations,  some  of  which,  it  is 
true,  have  been  of  considerable  size,  but  still  test  xmits. 

(4)  Improvements  in  the  drying  processes  are  to  be  hoped  for  and 
aiay  be  of  sufficient  value  to  establish  firmly  the  principle  of  the 
utilization  of  sludge  as  commercial  fertilizer. 

(5)  The  value  of  sludge  as  a  fertilizer  has  been  demonstrated. 

(6)  The  extent  of  the  market  for  dried  sludge  is  imknown. 
Sludge  digestion  tanks. — The  purpose  of  these  tanks  is  to  provide 

a  place  for  the  digestion  of  sludge  outside  of  the  sewage  sedimentation 
tmks.  Fresh  sludge  from  plain  sedimentation  tanks,  for  example, 
is  very  foul  and  hard  to  handle  on  sludge  beds,  and  is  greatly  improved 
by  digestion  in  separate  tanks.  Such  digestion  tanks  are  also  used 
for  sludge  from  secondary  sedimentation  tanks,  hydrolytic  tanks, 
and^  in  some  instances,  septic  tanks.  As  Imhoff  ttmks  have  within 
themselves  provisions  for  this  digestion  of  sludge,  separate  tanks  for 
this  purpose  are  seldom  found  with  these  tanks. 

At  Alliance  the  sludge  from  two  plain  sedimentation  tanks  is 
pumped  to  the  Imhoff  tanks  which  operate  parallel  with  them. 
These  tanks,  therefore,  serve  the  double  purpose  of  sewage  sedimenta- 
tion tanks  and  digestion  tanks  for  plain  sedimentation  tanks. 

At  Fitchburg  one  of  the  Imhoff  tanks  is  used  largely  for  the  diges- 
tion of  sludge  from  the  secondary  sedimentation  tanks,  being  used 
to  treat  sewage  only  occasionally. 

Baltimore  was  the  only  city  visited  where  special  tanks  were 
installed  for  this  one  particular  purpose,  all  sludge  from  the  hydro- 
lytic tanks  being  pumped  to  these  tanks  for  digestion  before  disposal. 

»  Th«  Value  of  Activated  Sludfe  as  a  FertOiaer.    Hatfield  and  Bartow,  UnlTeisity  of  Dlinols,  BoUeUn 
Water  Surrey  Series  No.  13. 
sil4)e.ett.,pLtM. 
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These  three  plants  are  the  only  ones  surveyed  in  which  sludge  wis 
digested  in  tanks  other  than  those  in  which  it  was  settled  from  the 
sewage,  and  Baltimore  is  the  only  one  where  such  tanks  have  hem 
designed  and  built  for  this  purpose  exclusively. 

Slvdge  beds, — ^At  12  of  the  15  plants  surveyed,  the  sludge  drawn 
from  the  tanks  was  applied  to  filter  beds  to  dewater  it  to  a  condition 
whereby  it  could  be  handled  economically. 

These  beds  are  generally  constructed  with  bottoms  sloping  to  open 
tile  imderdrainsy  about  which  is  placed  a  layer  of  coarse  gravd. 
The  material  over  the  gravel  grades  up  to  a  surface  of  sand.  It  k 
necessary  to  provide  a  surface  capable  of  retaining  the  solids  while 
permitting  free  passage  of  water  and  arrangements  below  this  sur- 
face to  rapidly  drain  away  the  water  thus  filtered  out.  Layers  of 
sand  one-fourth  to  one-haU  inch  deep  have  proved  sufficient,  but  as 
some  sand,  probably  about  one-fourth  inch,  is  lost  at  each  deaning 
of  the  bed  it  is  more  economical  to  provide  sufficioit  sand  for  several 
cleanings  rather  than  replace  it  after  each  cleaning. 

Total  depth  beyond  that  necessary  to  grade  the  material  from 
sand  to  1  or  2  inch  stone  or  gravel  around  the  drains  does  not  appear 
to  be  of  any  particular  benefit,  as  no  effort  is  made  to  oxidize  the 
effluent  in  the  bed.  A  12  to  15  inch  total  depth  with  a  2  to  4  inch 
surface  of  sand  should  be  adequate. 

The  idea  of  covering  the  beds  with  a  glass  staructure,  such  as  a 
greenhouse,  to  protect  drying  sludge  from  rain  and  to  permit  of  all 
year  operation,  was  originated  at  the  Cleveland  sewage  testing  station 
in  1913.  Kesults  there  indicated  that,  for  local  conditions  1  square 
foot  of  glass-covered  beds  was  equivalent  to  2  square  feet  of  open 
beds.  On  the  basis  of  these  results,  the  covered  beds  at  AUiance  and 
Canton,  Ohio,  were  installed.  At  both  tJie  plants  the  plant  operators 
are  advocates  of  the  glass-covered  beds,  claiming  that  they  are  le& 
dependent  upon  weather  conditions  and  worth  the  extra  money 
invested. 

At  Canton  records  of  sludge  removed  from  beds  during  the  period 
January,  1917,  to  June,  1918,  are  available.  During  this  period 
39  glass-covered  beds  and  28  open  beds  received  sludge.  DuriD<r 
the  months  of  December  to  April,  inclusive,  the  covered  beds  received 
22  doses  against  15  for  the  op^i  beds,  and  the  sludge  was  on  the 
beds  an  average  of  32  instead  of  43  days.  Attention  is  called  to  the 
fact  that  the  time  on  the  beds  does  not  necessarily  mean  necessary 
drying  period,  as  sludge  may  be  left  on  the  beds  longer  than  neces- 
sary due  to  lack  of  labor  to  clean  the  beds,  etc.  During  the  months 
May  to  November,  inclusive,  the  covered  beds  received  17  apph> 
cations  and  the  open  beds  16,  or  practically  the  same.  The  time 
on  the  beds  for  this  period  averaged  27  days  for  the  covered  beds 
and  35  days  for  the  open.     The  total  for  the  entire  period  of  1* 
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months  was  39  doses  for  the  covered  beds  and  28  for  the  open  beds. 
Ihe  area  of  both  types  of  beds  is  the  same,  but  with  a  bed  of  each 
type  available  the  preference  was  given  to  the  covered  beds.  Unf or- 
tnnately,  therefore,  the  data  admit  of  only  a  relative  comparison  of 
the  two  types  of  beds. 

In  the  following  table  the  sludge  beds  at  the  plants  surveyed  are 
arranged  for  comparison: 

Tabub  No.  64. — Sludge  beds  at  plants  studied 


Total  di'pth  (inches) 

Depth  sand  layer  (iocbes) 

rnderdrAinage  provided , 

Boctomi 

TrvckBon  beds 

TuUl  prepared  area  (acres) 

Average  depth  of  dose  Qnches) . 

ATcrage  dnring  period  (days).. 


Alliance 


Glass 
covered 


Average  m.  g.  d.  sewage  treatment 

PopuiatiQii  served  (thousands) 

Area  per  m.  g.  d.  (thoosand  square  feet)... 

Area  per  capita  (square  feet) 

Area  per  p.  p.  m.  suspended  matter  per 
m.  g.  d.  (square  feet) 

Area  per  p.  p.  m.,  suspended  natter  re- 
moved, per  m.  g.  d.  (square  feet) 

Is  area  adequate 


83 

n± 

Yes. 

N. 

Yes. 

a236 

«-10 

»-14 

2: 
20. 
8.91 
.51 

26.7 

47.2 
Nearly. 


Open 

(reserve) 


38 

None. 
Yee. 
N. 
No. 
a  765 
No  rec- 
ord. 
No  rec- 
ord, 
ft 
0 

12.ft 

Lee 

82.9 

162.0 
Seldom 
used. 


Atlanta 


Intrench 
Creek 


n± 

Yes. 
N. 
Yes, 
a  41 
8 

>12 

6uO 

sao 

8.08 
.06 

33.7 

9L0 
Yes. 


Peachtree    Design 


Creek 


Baltimore 


18± 

^^ 
Yes. 

N. 

Yee. 

a41 

8 

>12 

12L0 
76.0 
1.49 
.24 

Ol5 

9.4 
No. 


12-aO 
2-18 
Yes. 
N. 
Yes. 
L02 
12 

1(^-21 

14.0 

112.0 

6.7 

.71 


Operating 

basis 


12-15 
4 
Yes. 
N. 
Yes. 
6.06 
7 

8-31 

56.0 

52ao 

4.0 
.42 

26.1 

77.0 


Tr-tiJ  depth  (inches) 

Depth  sand  layer  (inches), 
t'sdcrdrainage  provided... 
Bottom  » - 


Canton 


CHass 

covered 


Trails  on  beds 

Total  prepared  area(acres) 

A  venge  depth  of  dose  (inches) . . 

Av«ni9B  drying  period  (days).. 

Avcraas  m.  g.  d.  sewaga  treat- 
ment  

Popalatioa  served  (thousands) . 

AreA  per  m.  g.  d.  (thousand 
sqaarateet) — 

Are*  per  capita  (square  feet).... 

Anm  per  p.  p.  m.,  suspended 
matter  per  m.  g.  d.  (square 


). 


Area  per  p.  p.  m.,  suspended 
uxattar  removed  per  m.  g.  d. 
(square  feet) 

Ii  Tca  ndogmite 


16 

15 

Yes. 

N. 

Yes. 

a25 

10-3(T 


Open 


10 
16 

Yes. 
N. 

Yes. 
a26 

8 
10-30 


4.4 

oao 


4.92 

.84 


19.0 


29.4 
No. 


Colum- 

Pitch- 

Lexing- 

bus 

burg 

ton 

8-12 

8 

.    12 

1 

8 

H 

Yes. 

No. 

Yes. 

N. 

N. 

N. 

Yes. 

Yes. 

Yes. 

2— 

a42 

a40 

8 

10 

18 

14 

29 

>9 

10.8 

3.35 

Z5 

225.0 

37.0 

28.0 

5.18 

5.46 

0.97 

.39 

.49 

.82 

2&1 

1&4 

87.4 

30.8 

23.3 

70.4 

No. 

No. 

Yes. 

Rochester 


Brigh- 
ton 


12 

2 

Yes. 

Pnddled 

day 

No. 

0.06 

9-10 

7 

1.0 
&0 

3.30 
.42 


33.2 


Ironde- 
quoit 


55.1 
Yes. 


19 
5 
Yes. 
N. 

•No. 

1.78 

8-9 

10 

82L5 

24ao 

2L38 
.82 


1Z7 


34.5 
Yes. 


I  K-'natural  ground. 

>  Cimept  daring  winter  season. 

*  Traveling  crane  places  car  bodies  on  bed  wha«  desired. 


At  all  the  plants  listed  the  sludge  is  digested  either  in  Imhoff  tanks 
or  in  special  tanks.  In  the  Emscher  district,  Germany,  where  the 
Imhoff  tank  originatcnl,  it  was  customary  to  provide  1  square  fodt 
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of  sludge-bed  area  per  three  to  four  persons.  This  figure  was  adopted 
in  this  country  with  the  Imhoff  tank,  and  used  for  design.  In  the 
above  table  the  sludge-bed  areas  at  10  plants  are  given.  Of  these 
only  1  provides  for  less  than  0.32  square  foot  per  capita,  5  for  0.32  to 
0.51,  and  4  for  more  than  0.51.  If  the  reserve  area  at  Alliance  is  not 
considered,  only  3  plants  provide  more  than  0.51  square  foot  of  bed 
per  capita. 

The  Intrenchment  Creek  plant  at  Atlanta  and  the  Irondequoit 
plant  at  Rochester  are  the  only  ones  with  a  factor  of  0.33  square 
foot  per  capita,  and  at  both  these  plants  the  area  is  considered  ade- 
quate. At  Fitchburg  the  beds  were  designed  with  this  factor,  but 
are  operating  at  about  0.5  square  foot  per  capita.  Even  this  has 
not  proved  adequate.  Sludge  is  lagooned  in  low  areas,  the  plant 
operator  estimating  that  the  sludge  bed  would  have  to  be  doubled  in 
area  to  take  care  of  all  sludge.  This  would  mean  1  square  foot  per 
capita. 

At  Columbus,  with  0.39  square  foot  per  capita  available,  the  oper- 
ator stated  that  three  to  four  times  as  much  was  needed.  The  esti- 
mated needed  areas  at  other  plants  brought  the  required  areas  up  to 
an  average  of  0.6  to  0.85  square  foot  per  capita,  with  some  consider- 
ably higher. 

On  the  whole  it  would  appear  that  0.33  square  foot  per  capita  was, 
on  the  average,  inadequate  and  that  it  should  be  two  to  three  times 
that  amoimt. 

Downes,"  reporting  on  the  operation  of  a  plant  at  Plainfield,  N.  J., 
computes  from  his  data  a  sludge-bed  requirement  of  0.686  square 
foot  per  capita.     In  discussing  the  drying  period  he  states: 

It  is  surprising  to  find  that,  in  spite  of  the  fact  that  a  coat  of  sludge  9  inefaes 
thick  will  become  spadable  in  a  week  or  10  days  of  good  drying  weather,  under 
actual  climatic  conditions,  we  have  averaged  only  a  scant  6  dryings  per  year. 
The  figures  for  three  years  are  5.8,  6,  and  5.8  dryings  per  bed  a  year. 

This  illustrates  the  danger  of  computing  sludge-bed  area  using  an 
assumed  number  of  cleanings  based  on  ayerage  drying  periods. 

Adequate  sludge-bed  area  means  much  in  the  operation  of  a  plant 
The  only  way  to  effectively  overcome  foaming  in  Imhoff  tanks 
is  the  withdrawal  of  sludges,  and  beds  should  be  available  whfn 
needed  for  this  purpose.  With  just  sufficient  bed  area,  a  rainy 
season  or  temporary  shortage  of  .labor  may  necessitate  carrying  over> 
loaded  sludge  compartments  in  tanks  over  the  winter. 

No  part  of  a  treatment  plant  is  less  expensive  than  the  dudge  beds. 
Where  area  is  available,  the  cost  of  a  Uberal  bed  installation  is  but 
little  more  than  the  minimum  requirements.  From  the  table  it 
would  appear  that  under  American  conditions  the  majority  of  the 

»  Operating  DaU  of  Fine  Screens  and  Imbofl  Tanks.   John  R.  Downes.    Public  Woclcs,  voL  CO,  p^ 
370-871. 
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plaots  require  a  minirniini  of  0.5  square  foot  per  capita,  and  that 
0.8  or  ev^i  1  square  foot  per  capita  is  a  safer  design  figure,  especially 
where  facilities  for  lagooning  or  wasting  in  low  lands  are  not  avail- 
able, and  entire  reUance  must  be  placed  on  the  beds. 

Shidge  is  formed  from  the  suspended  soUds  removed  from  the 
sewage  in  its  passage  through  the  tank.  These  removals  at  different 
pl&nts  have  been  equated  in  Table  No.  64  with  the  sludge-bed  areas, 
to  obtain  the  number  of  square  feet  available  per  part  per  million  of 
suspended  matter  removed  per  million  gallons  daily.  These  compu- 
tations are  based  on  the  results  of  analyses  made  on  the  survey, 
which,  with  possibly  one  or^wo  exceptions,  are  believed  to  be  fairly 
representative  of  the  various  plants.  The  figure  for  Alliance  is  very 
high  only  if  the  res^^e  bed,  which  is  seldom  used,  is  taken  into  con- 
sideration. The  result  for  the  Intrenchment  Creek  plant  at  Atlanta 
may  be  slightly  discounted  due  to  abnormal  conditions  at  the  time  of 
the  survey,  and  the  same  may  be  said  to  be  partially  true  of  the  ex- 
tremely low  figure  for  the  Peachtree  plant  at  Atlanta.  In  this  case, 
however,  no  proper  allowance  would  bring  the  figure  to  within  the 
range  of  most  of  the  plants,  which  is  between  23.3  and  77.  Of  the 
plants  at  which  opinions  r^arding  the  adequacy  of  the  sludge  were 
expressed  only  one,  the  Irondequoit  plant  at  Rochester,  having 
less  than  45  to  50  square  feet  available  per  parts  per  million  of  sus- 
pended matter  removed  per  m.  g.  d.  had  sufficient  area.  Based  on 
these  very  few  results  a  minimum  of  about  50  appears  to  be  a  safe 
factor. 

The  average  suspended-matter  content  of  the  raw  sewage  at  12 
plants  surveyed  where  sedimentation  tanks  were  used  was  177, 
and  the  value  corresponding  for  the  tank  effluents  was  75.  There 
was  an  average  removal,  therefore,  of  102  parts  per  million.  Allow- 
ing 50  square  feet  of  sludge-bed  lurea  per  parts  per  million  per  m.  g.  d., 
the  average  minimum  requirement  of  the  plants  studied  is  about 
5,000  square  feet  per  m.  g.  d.  The  average  per  capita  contribution 
to  the  sewers  for  these  12  plants  is  within  1  or  2  gallons  of  100  gal- 
lons per  day.  Using  this  per  capita  flow  the  average  minimum 
sludge-bed  requirement  becomes  0.5  squiure  foot  per  capita. 


Appendix  I 
DETAILED  DESCRIPTION  OF  TREATMENT  PLANTS  STUDIED 

I.  Alliance,  Ohio 

As  described  in  the  body  of  this  report,  the  sewers  contributory  to  the  AJUance 
treatment  plant  are  divided  into  the  high-level  and  the  low-level  systems.  The 
high-level  system  flows  by  gravity  to  the  plant,  but  the  low-level,  while  reacbing 
the  plant  by  gravity,  must  be  pumped  to  the  treatment  devices.  B^ore  reaching 
the  pumps,  however,  it  is  passed  through  an  old  treatment  plant.  As  the  treat- 
ment  thus  received  is  probably  of  little  if  any  value  in  the  operation  of  the  treat- 
ment plant  proper,  it  is  described  elsewhere  as  part  of  the  sewerage  system  and 
this  section  deals  only  with  the  main  treatment  plant,  including,  however,  the 
pumping  plant  for  the  low-level  system. 

Pttmping  plant. — All  sewage  from  the  low->level  system  is  received  at  the 
treatment  plant  in  a  storage  basin  or  pump  well.  This  well  is  9  feet  6  inches 
deep,  sloping  to  10  feet  3  inches  in  a  length  of  24  feet.  The  width  is  13  feet  10 
inches.  These  are  inside  dimensions.  The  bottom  of  the  well  is  15  feet  bdow 
ground. 

The  sewage  enters  this  well  through  a  l^inch  dear  opening  bar  screen  in  a 
small  screen  chamber  from  which  it  passes  to  the  storage  well  in  a  24-iiidi 
vitrified  pipe.  When  th^e  is  3  feet  of  sewage  in  the  well  a  float  trips  a  Yoanans 
Bros.  (Chicago)  control  switch  and  starts  one  of  two  vertical  Watson  induction 
motors  shaft  connected  to  an  8-inch  centrifugal  pump.  Pumping  continueE 
against  a  head  of  21  to  24  feet,  depending  on  the  depth  of  the  sewage  in  the  well, 
till  the  well  is  emptied,  when  the  float  cuts  off  the  current  to  the  motors.  Hie 
pumping  equipment  is  housed  in  a  brick  building. 

The  volume  of  sewage  pumped  is  not  measured  separately,  but  with  the 
sewage  in  the  high-level  or  gravity  system.  In  1916  the  designer,  Mr.  R.  W. 
Pratt,  estimated  the  low-level  sewage  to  be  25  per  cent  of  the  total  or  0.5  m. 
g.  d.  The  pumps  are  stated  to  operate  20  minutes  out  of  each  50.  If  the  pumpe 
deliver  700  gallons  per  minute  (spedfioation  required  not  less  than  700)  the 
volume  would  be  about  0.403  m.  g.  d.  Probably  0.5  m.  g.  d.  is  approximately 
correct. 

Entrance  flumes. — As  originally  designed,  the  plant  had  three  parallel  grit 
chambers  preceding  the  screen.  It  was  found,  however,  that  considerable 
sludge  was  deposited,  due  to  checked  velocity  when  the  screen  was  clogging. 
The  grit  chambers  are,  therefore,  now  used  merely  as  entrance  flumes  to  the 
plant.  The  central  chamber  has  been  abandoned  altogether,  one  of  the  others 
has  had  a  false  bottom  installed  and  receives  the  high-level  sewage  from  a  30- 
inch  sewer,  and  the  third  one  receives  the  sewage  from  the  low-level  sewers 
pumped  by  the  plant  described  above.  Both  chambers  discharge  into  a  common 
flume  to  the  screen  and  tanks. 

Screen, — This  is  located  in  the  flume.  The  screen  chamber  is  rectangular  in 
shape  and  contains  a  bar  screen  with  three-fourths  inch  clear  openings  set  at  as 
angle  of  60  degrees  with  the  horizontal.  The  screenings  are  raked  to  a  platfotm 
at  the  top  of  the  screen  and  wheeled  away  to  a  dump. 

Plain  sedimentation  tanks. — There  are  two  tanks  operated  as  plain  aedimentatioo 
tanks.     These  tanks  are  (inside  dimensions)  132  feet  long  by  42^  feet  wide  by  a 
192 
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depth  sloping  from  9  feet  at  the  inlet  to  10  feet  at  the  outlet.  In  addition  to  the 
longitoclina]  slope,  the  bottoms  slope  about  9  inches  from  the  sides  to  the  center. 

The  inlet  and  outlet  channels,  4  feet  wide,  are  contained  within  the  tanks  them- 
etf  ves,  the  entrance  to  the  tank  being  through  openings  along  the  back  side  of 
the  channel  controlled  by  iron  slide  or  stop  gates.  Sewage  is  thus  compelled  to 
pAM  behind  and  mider  the  channel.  A  central  pier  supporting  the  channel  is 
supposed  to  diffuse  the  flow  across  the  cross  section  of  the  tank.  The  outlet  has 
a  similar  arrangement  except  that  the  flow  is  over  adjustable  weirs  instead  of 
under  atop  gates.  The  outlet  channel  leads  to  a  well  from  which  the  effluent  is 
taken  to  the  control  houses  of  the  contact  beds. 

At  the  oatlet  end  of  the  tank,  in  the  corner  adjacent  to  the  other  tank,  is 
located  a  draining  chamber  5H  f^t  wide  by  12  feet  long.  Three  12-inch  sluice 
gates  from  each  tank  open  at  different  elevations  into  this  chamber,  permitting 
the  drawing  off  of  supernatant  to  an  old  filter  bed  when  cleaning  a  tank,  but 
without  carrying  out  the  scum.  The  scum  can  be  drawn  off  the  top  into  the 
clean  sedimentation  tank  or  it  can  be  collected  with  the  sludge. 

Each  tank  has  a  single  12-inch  sludge  outlet,  toward  which  the  sludge  is  pushed 
or  washed.  The  dudge  b  taken  to  a  200-gallon  ejector  set  in  a  pit  7  feet  8  inches 
wide  by  12  feet  long  by  13  feet  10  inches  deep,  located  at  an  adjacent  contact 
bed.  This  ejector  discharges  into  the  Imhoff  tanks  where  the  sludge  is  held  for 
digestion. 

There  are  inlet  and  outlet  baffles,  the  outlet  one  acting  as  a  scum  board. 

The  total  capacity  of  each  tank  is  400,000  gallons.  The  available  sewage 
capacity  is  somewhat  less,  probably  about  one-third  million  gallons. 

Imkoff  tank9. — These  tanks  were  constructed  inside  a  third  tank  of  the  same 
rise  as  those  already  described,  the  bottom  being  cut  out  to  obtain  necessary 
depth.  As  boiltrthe  Imhoff  tanks  are  laid  at  right  angles  to  the  old  tank  inside 
of  wtiieh  they  were  built. 

There  are  two  unit  sets  of  tanks,  each  unit  consisting  of  four  tanks,  or  it  might 
be  aaidf  a  four-flow  channel  tank,  as  the  fotur  sludge  compartments  are  all  con- 
nected by  openings,  4  by  6  feet,  in  the  walls  between  them,  and  through  the  slots. 

The  length  of  each  flow  channel  from  the  inlet  to  the  outlet  weir  Is  35  feet  2 
inches.  E^h  is  12  feet  3  inches  wide,  and,  from  the  top  of  the  tanks  to  the  slot, 
about  13  feet  5  inches  deep.  The  flow  line  is  1  foot,  plus  or  minus,  below  the 
top  of  the  tank,  depending  on  the  elevation  of  the  adjustable  weirs.  Three  gas 
vents,  each  2^  feet  clear  width  and  24  feet  7  inches  clear  length,  separate  the 
four  flow  chambers. 

The  aides  of  the  tank  and  gas  vents  are  vertical  to  a  depth  of  7  feet  3  inches 
where  the  bottom  slopes  start.  These  bottoms  are  on  a  slope  of  6  feet  10  inches 
vertical  to  0  feet  l^i  inches  horizontal.  These  slopes  are  in  all  four  directions, 
so  that  the  slots  run  lengthwise  and  across  the  tank.  The  slots  have  a  clear 
opening  of  about  7  inches  and  an  overlap  of  about  9  inches. 

The  inlet  and  outlet  for  each  channel  consist  of  two  1-foot  adjustable  weirs. 
There  are  inlet  and  outlet  baffles  or  scum  boards  consisting  of  four  2  by  10  boards 
extending  30  inches  below  the  sewage  and  located  6  feet  from  the  weirs. 

The  influent  and  effluent  channeb,  each  3  feet  wide  by  3  feet  deep,  are  con- 
tained within  the  walls  of  the  original  plain  single-story  tank.  The  valves  and 
gates  on  these  channels  are  arranged  to  permit  reversing  the  direction  of  the 
flow  in  tlie  tank. 

Each  unit  or  set  of  fotur  flow  channels  has  three  digestion  chambers  with  three 
hoppers,  one  under  each  gas  vent.  These  are  22  feet  11  inches  long,  15  feet  8 
inches  wide,  and  13  feet  deep  from  the  slot  overlap  to  the  bottom  of  the  hoppers. 
The  hoppers  which  underlie  the  entire  digestion  chambers  are  5  feet  deep.  The  flat 
bottoms  are  2  by  2  feet,  giving  a  slope  of  1  to  1.4  to  the  sloping  hopper  bottoms. 
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Around  the  top  of  the  hoppers  is  a  l^^inch  galvanixed-iron  water  pipe  with 
three-eixteenths-inch  holes  drilled  on  184nch  centers.  From  this  a  tbree-lburthft- 
inch  line  runs  to  the  bottom  of  the  hopper  and  turns  up  at  the  moutli  of  iht 
sludge  pipe. 

The  8-inch  sludge  pipes,  one  for  each  hopper,  rise  vertically  to  the  top  of  the 
tank.  At  a  point  4  feet  below  the  flow  line  a  horisontal  pipe  takes  off  aad  out 
through  the  sides  of  the  tank  to  a  sludge  gutter,  2  feet  wide  by  3  feet  10  inehcB 
deep. 

All  sludge  or  digestion  chambers  in  each  unit  are  connected  by  openings  4  bj 
6  feet.     This  opening  is  cut  right  at  the  top  of  the  hopper. 

The  sludge  from  the  plain  sedimentation  tanks,  as  already  mentioned,  in 
pumped  to  the  sludge  chambers  of  the  Imhoff  tanks  for  digestion.  An  84Dch 
pipe  from  the  ejector  is  carried  to  and  turned  down  into  the  gas  vents  of  the 
ImhofiF  tanks.  This  arrangement  is  open  to  the  question  as  to  whether  the 
discharging  of  large  volumes  of  sludge  under  high  velocity  and  pressure  does 
not  create  a  positive  pressure  in  the  digestion  chamber,  stirring  up  sludge  and 
forcing  it  up  through  the  slots  into  the  flow  channels.  It  is  a  fact  that  all  flow 
chambers  were  continually  covered  with  a  heavy  scum,  which  could  not  be 
satisfactorily  accounted  for  by  deposition  of  sludge  along  the  bottom  slopes  of 
the  flow  chamber,  though  this  was  undoubtedly  partially  responsible. 

The  capacity  of  each  flow  chamber  is  4,120  cubic  feet.  As  desi^^ned,  the 
detention  period  should  be  two  and  one-half  to  three  hours,  with  a  lineal  velocity 
of  0.243  foot  per  minute.  The  digestion  chamber  of  each  unit  of  three  hoppers 
is  10,490  cubic  feet,  or  about  2,620  cubic  feet  for  each  flow  chamber.  This  wm 
considered,  when  designed,  adequate  for  five  to  six  months'  storage. 

The  available  sludge  data  at  the  plant  confirm  the  five-month  estimate. 
In  the  year  May,  1919,  to  April,  1920,  940  cubic  yards  of  i^dge  of  about  80 
per  cent  moisture  were  removed  from  the  sludge  beds.  This  is  approximately 
80  cubic  yards  a  month  of  80  per  cent  sludge,  or  160  cubic  yards,  with  an  assumed 
moisture  in  the  tanks  of  90  per  cent.  The  accumulation  per  flow  channel  is 
therefore  about  20  cubic  yards  per  month,  or  100  cubic  yards  per  five  months, 
and  the  sludge  storage  capacity  per  flow  channel  is  07  cubic  yards. 

The  effluent  from  the  Imhofif  tanks  joins  that  from  the  settling  tanks,  either 
in  the  diversion  chamber  of  the  contact  beds  or  in  the  channel  to  it. 

ConUuA  beds, — There  are  12  contact  beds  arranged  in  3  units  of  4  beds  each. 
Each  bed  has  an  area  of  one-fourth  acre,  which  gives  an  acre  to  each  unit.  TheK 
beds  were  originally  built  in  1910,  but  some  were  more  or  less  modified  in  1917. 

The  following  table  covers  some  of  the  main  features  of  the  various  beds,  «a 
they  stand  at  present: 

Table  No.  65. — Structural  features  of  contact  beds  at  AUiance,  Ohio 

Bed  omnbefS 

Full  concrete  bottoms _ _ ._  1,  2,  5,  6,  8,  10, 12 

Partial  concrete  bottoms 3,  4,  7,  9,  11 

Filtering  material  washed  in  1917-. 4,  6,  7,  9 

Media,  18-inch  slag,  %-\yi  inch,  36  inches;  cinders,  ^i-yi 

inch - 4,  5,  7,  9 

Media,  48  inches;  cinders  H-5i  inch 1,2,3,6,8,10,11,13 

In  1910  complete  concrete  bottoms  were  placed  where  such  were  deemed 
necessary,  while  in  the  others  the  bottoms  were  only  partially  concreted.  Tl» 
beds  with  complete  bottoms  were  Nos.  1,  2,  6,  8,  10,  and  12.  In  1917,  wbtfi 
the  filtering  material  was  taken  out  from  beds  Nos.  4,  5,  7,  and  9  and  wa^tfd 
a  concrete  bottom  was  placed  in  No.  5. 
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In  replacing  the  washed  materia!,  slag  18  inches  deep  was  placed  over  the 
underdrainage  system,  which  also  was  slightly  altered.  The  filtering  material 
in  the  other  eight  beds,  Nos.  1,  2,  3,  6,  8,  10,  11,  and  12,  was  left  as  placed  in 
1910. 

The  underdrainage  system  consists  of  3-inch  tOe  drains  laid  11  feet  apart  over 
the  entire  bottoms,  which  slope  on  a  4  per  cent  grade  to  two  collecting  lines, 
rarying  in  diameter  from  8  to  12  inches.  These  in  turn  empty  into  a  collecting 
well  at  the  common  apex  of  each  four  units,  from  which  it  can  be  discharged 
onto  the  secondary  sand  filters  or  directly  into  the  Mahoning  River. 

The  distributing  system  consists  of  a  wooden  trough  4  feet  wide  by  2  feet  deep, 
running  from  the  control  house  diagonally  across  the  filter  for  a  distance  of 
38  feet.  Within  the  trough  is  placed  a  12-inch  layer  of  one-half  to  1-inch  gravel. 
Sewage  leaves  the  trough  through  small  screens  7  by  6f^  inches,  with  one-fourth- 
tnch  elear  openings,  set  at  2-foot  6-inch  centers  at  the  bottom  of  each  side  of 
the  trough,  and  hence  below  the  gravel  in  the  trough.  The  pipe  extension  of  the 
trough  is  surrounded  by  4  feet  of  the  same  gravel  as  in  the  trough. 

The  operating  control  of  the  beds  starts  at  the  chamber  receiving  the  effluent 
from  the  tanks.  Here  hand-operated  valves  control  the  lines  to  the  three  head 
hotises.  In  these  houses  are  located  alternating  siphons,  which  rotate  the  dosing 
of  four  beds  which  comer  at  the  head  houses.  Any  one  bed  can  be  thrown  out 
of  operation,  and  an  automatic  release  makes  overlapping  of  beds  impossible. 
The  installation  was  provided  by  the  Pacific  Flush  Tank  Co.  The  houses  them- 
seives  are  low  brick  structures. 

The  contact  beds  are  not  operated  the  year  around.  They  are  started  about 
the  middle  of  May  and  discontinued  late  in  Novonber.  During  the  winter  tank 
teeatment  is  all  the  sewage  receives.  The  filling  period  depends  on  the  rate  of 
fiow  of  the  sewage.  It  is  estimated  that  2j^  to  3  hours  is  consumed  in  filling, 
about  20  minutes'  retention,  and  23^  to  3  hours  emptying,  followed  by  4|^  to 
ft  hours'  rest. 

IniermiUerU  filters. — ^In  the  original  installation  three  1-acre  units  of  fine  cinder 
filters  were  constructed,  later  two  more  have  been  added,  but  at  present  one 
unit  !a  used  for  sludge  drying,  one  for  treatment  of  sedimentation  tank  effluent 
when  the  tanks  are  drained  for  cleaning,  and  three  for  secondary  treatment 
following  the  contact  beds. 

These  filters  are  operated  only  during  the  hot  sunmier  months,  as  a  rule  from 
the  middle  of  June  to  the  end  of  October.  The  effluent  from  the  contact  beds 
is  collected  into  a  conmion  line,  from  which  it  can  be  discharged  through  sluice 
gates  onto  any  one  of  the  three  fine  filters. 

The  filtering  medium  in  two  of  the  three  filters  consists  of  coarse  cinders  around 
the  anderdrains,  then  about  30  inches  of  fine  cinders  with  a  surface  layer  of 
2  to  4  inches  of  sand.  The  third  filter,  constructed  in  1917,  has  a  slag  covering 
over  the  underdrains,  then  a  little  less  than  2  feet  of  screened  cinders,  and  finally 
6  inches  of  sand.  The  depth  of  the  coarse  cinder  or  slag  layer  varies  over  the 
filter,  at  the  extreme  sides  the  slope  of  the  lateral  drains  reduces  it  to  less  than  1 
foot. 

In  ]>rindple  the  method  of  applying  the  sewage  is  the  same  for  all  filters,  wood 
troughs  running  across  the  surface  with  diagonals  reaching  to  within  10  to  20 
feet  of  the  sides.  On  the  two  old  filters  the  lateral  troughs  are  spaced  76  feet 
apart,  bat  in  the  new  filter  this  is  90  feet. 

The  collecting  or  underdrainage  system  is  similar  in  all,  but  more  complete  in 
the  new  than  in  the  old  filters.  In  the  old  ones,  the  lateral  drains,  at  right  angles 
to  a  central  collector,  are  spaced  about  on  38  to  40  foot  centers,  while  in  the  new 
filter  tbey  are  placed  on  about  9-foot  centers.  The  lateral  drains  discharge  into 
a  central  collector  which  in  turn  discharges  into  the  Mahoning  River,  each  filter 
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having  an  independent  outlet.  Each  filter  has  5  to  8  ventilators  on  the  niargiQ 
of  the  beds,  oondating  of  84nch  tile  extending  down  and  connected  with  tht 
underdrains. 

At  the  time  of  inspection  these  filters  had  not  been  put  in  operation  for  the 
season.  It  was  stated  that  the  regular  schedule  called  for  the  continuous  open* 
tion  of  a  filter  for  two  days,  during  which  time  it  received  the  entire  effluent 
from  all  the  contact  beds.  This  schedule  gives  a  four-day  rest  after  each  two 
days  of  operation. 

Sludge  disposal, — As  already  described,  the  sludge  from  tho  sedimeniatioQ 
tanks  is  pumped  to  the  Imhoff  tanks  for  digestion.  The  sludge  channel  inta 
which  the  sludge  pipes  from  the  ImhofiF  tanks  discharge  (see  under  Imhoff  taoLs). 
outlets  to  a  100-gallon  Pacific  Flush  Tank  Ck>.  ejector.  This  ejector  pumps  the 
sludge  to  the  sludge  beds.  The  ejector  is  housed  in  a  small  brick  building  over 
a  concrete  pit,  located  in  one  of  the  contact  beds  adjacent  to  the  Imhoff  tanks. 
Besides  the  ejector  this  building  houses  the  compressor,  motor,  and  air-stonge 
tank  for  this  ejector  and  also  for  the  ejector  pumping  the  sludge  from  the  plain 
to  the  Imhoff  tanks. 

One  of  the  original  fine  cinder  filters  is  used  for  sludge  drying.  The  sludge  is  n- 
ceived  at  the  drying  area  through  a  6-inch  force  line  from  the  ejector. 

The  drying  area  consists  principally  of  8  specially  prepared  beds  which  have  been 
covered  by  a  glass  building  of  greenhouse  construction.  The  remainder  of  the 
1-acre  filter  unit  is  accessible  and  available,  and  is  used  from  time  to  Ume  for 
excess  sludge.  No  changes,  however,  were  made  in  the  uncovered  section  to 
particularly  adapt  it  to  sludge  drying.  In  general  it  has  33  inches  of  fine  dndcrs 
over  an  underdrainage  system  as  described  for  the  intermittent  filters.  Sludge  i» 
applied  at  one  point  and  allowed  to  flood  over  the  entire  bed. 

The  8  special  beds  are  each  20  feet  wide  by  64  feet  long.  These  beds  are 
arranged  in  two  sets  of  four  each  divided  by  a  concrete  wall  which  carries  the 
6-inch  sludge  line  from  the  ejector.  Valves  on  crosses  in  this  line  furnish  the 
control  over  each  individual  bed.  Each  opening  is  turned  down  over  a  coucreto 
splash  plate  3  by  3  feet,  which  is  the  only  point  of  application.  The  four  bedi 
of  each  unit  are  separated  by  9-inch  concrete  walls.  Narrow  gage,  24-tDcb 
tracks  run  down  the  center  of  each  bed.  These  are  laid  with  the  ties  flush  with  the 
bed  so  that  there  is  minimum  lift  from  the  beds  into  the  cars.  All  tracks  connect 
to  a  feed  or  ladder  track  to  two  sludge  dumps. 

The  filtering  material  consists  of  the  original  fine  cinder  bed  material  for  » 
depth  of  1  foot  8  inches  to  2  feet  over  the  drains  and  a  surface  of  9  to  13  inches  of 
sand.  Over  ecu^h  underdrain  is  a  section  of  gravel  18  inches  wide  and  about  3 
feet  deep. 

The  underdrainage  consists  of  a  main  8-inch  line,  increasing  to  10  inches,  located 
near  the  dividing  wall  between  the  two  4-bed  units.  From  this  4  or  S  inch  laterals 
run  the  length  of  the  beds  and  are  plugged  at  the  ends.  Beds  Nos.  1  and  3  have 
one  8-inch  main  lateral  with  3-inch  sublaterals  across  the  beds,  while  beds  Nos.  2 
and  4  have  two  4-inch  longitudinal  drains  with  no  sublaterals. 

Overflows  and  by-passes. — The  first  overflow  is  a  weir  at  the  end  of  the  old  giii 
chambers,  or,  as  now  used,  influent  channel.  The  outlet  below  the  weir  is  ft 
24-inch  pipe  direct  to  the  Mahoning  River.  As  the  weir,  consisting  of  two  2  bj  fi 
inch  planks,  can  be  drawn,  this  pipe  can  be  used  as  a  by-pass.  The  effluent  frcHi 
the  tanks  can  be  by-passed  around  the  filters,  and  this  is  done  during  the  winter- 
Finally  the  effluent  from  the  contact  beds  can  be,  and,  during  certain  seasons  is 
by-passed  around  the  secondary  fine  cinder  filters.  To  protect  contact  bed^ 
there  is  an  overflow  weir  in  each  control  house. 
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II.  Atlanta,  Ga. 

A.  INTRENCHMENT  CREEK  PLANT 

Sewage  is  received  at  the  Intrenchment  Creek  plant,  Atlanta,  Ga.,  in  a  4-foot 
diameter  eonorete  sewer.  This  empties  into  a  channel  4  feet  wide  by  4}^  feet 
deep. 

Screen, — This  is  located  in  the  entrance  channel.  It  is  4  feet  wide,  the  width  of 
the  channel,  and  8  feet  long,  set  at  an  angle  of  about  34^  to  the  horizontal.  The 
ban  xn  three-eighths  inch,  set  with  a  clear  opening  of  1  ^  inches.  Cleaning  is  by 
hand,  the  screenings  being  raked  to  a  concr^e  platform  at  the  top  of  the  screen. 

Grit  chambers, — This  installation  follows  the  screen  and  consists  of  3  parallel 
chambers  each  30  feet  long  by  4  feet  wide.  As  originally  built  the  bottom  sloped 
ap  from  a  depth  of  8  feet  6  inches  at  the  inlet  to  4  feet  6  inches  at  the  outlet,  with 
a  groove  down  the  center  of  each  chamber  in  which  was  laid  a  6-inch  drain  to  a 
manhole  with  an  outlet  to  the  creek.  This  arrangement  was  later  modified  by 
filling  the  grit  chambers  with  large  stone  to  make  a  level  bottom  4  feet  6  inches 
de^,  and  by  removing  the  upper  third  of  the  tile  drain.  Grit  is  now  removed  by 
floahing  it  to  the  outlet  into  the  6-inch  drain  to  the  manhole,  and  thence  through 
an  IS-inch  line  to  the  creek. 

A  fourth  channel,  parallel  with  the  grit  chambers,  was  originally  constructed  as 
a  by-pass,  but  it  has  been  filled  and,  for  operating  purposes,  does  not  exist. 

Measxiting  device, — The  flow  of  sewage  is  measured  by  a  Stevens  recording  float 
gage,  which  records  the  head  over  the  inlet  weirs  to  the  tanks.  At  the  time  of 
ioapeetion  this  gage  was  out  of  commission  and  was  said  to  have  been  so  for  the 
past  three  years. 

Channels  to  tanks. — Leaving  the  grit  chamber,  the  sewage  enters  a  42-inch  pipe 
to  the  inlet  chambers  of  the  tanks.  After  passing  the  first  chamber,  which  serves 
a  little  over  half  of  the  tanks,  the  42-inch  pipe  is  reduced  to  36  inches. 

From  the  inlet  chamber  the  sewage  caa  be  turned  into  a  channel  3  feet  wide  by 
3  feet  0  inches  deep  from  which  it  flows  over  weirs  into  the  tanks,  or  it  can  be  passed 
UDder  this  channel  through  a  30-inch  crossover  conduit  to  an  inlet  chamber  at  the 
other  end  of  the  tanks,  and  thence  to  a  distriboting  channel  for  the  weirs  on  that 
end  of  the  tanks.  By  this  arrangement  the  direction  of  flow  in  the  tanks  can  be 
revecsed.     The  same  channels  are  used  for  outlets  as  well  as  inlets. 

Imhoff  tanks, — These  consist  of  2t  tanks  arranged  in  7  groups  of  3  tanks  each. 
The  3  tanks  in  each  group  operate  in  series,  but  in  reality  they  are  more  like  one 
taak,  as  wiU  be  explained  later. 

Each  tank  is  a  combination  of  the  rectangular  and  circular  types  of  construc- 
tion. The  digestion  chamber  is  circular  and  the  walls  of  this  section  extend  up  to 
the  top  of  the  tank.  At  each  end,  however,  the  walls  are  out  to  allow  the  full 
width  of  the  settling  chamber  to  extend  from  one  tank  to  the  next  in  the  series. 

The  over-ail  maximum  inside  dimensions  of  each  tank  are:  Length  31  feet  10 
inchtf,  width  25  feet,  depth  26  feet. 

Aa  stated  above,  the  settling  or  upper  story  section  of  the  tank  extends  beyond 
tbe  aludge  wells.  The  total  length  of  this  section  is  31  feet  10  inches  and  its  width 
20  feet.  The  sides  are  vertical  for  a  depth  of  7  feet  3  inches  where  the  bottoms 
fliart  to  alope  on  a  1  to  1^  slope  for  a  depth  of  6  feet  11  inches  to  a  10-inch  hori- 
sontal  opening  slot  with  a  7-inch  overlap.  The  other  slopes  forming  the  slots  with 
the  aides  are  formed  by  an  inverted  V  partition,  with  the  apex  at  the  center  of  the 
tank  at  the  same  elevation  as  the  top  of  the  side  slopes.  Those  portions  of  the 
settling  sections  which  extend  beyond  the  digestion  chamber  are  connected 
thereto  by  an  apron  sloping  from  the  end  of  the  tank  to  the  end  of  the  slot  over 
the  digestion  efaamber.    Th«re  are  three  gas  vents,  a  central  chimney  rising  from 
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and  venting  the  inverted  V  section,  and  two  side  vents.  The  central  vent  is  14 
feet  8  inches  long  by  1  foot  6  inches  wide.  The  side  gas  vents  are  segments  of  a 
circle  of  25-foot  diameter  subtended  by  a  chord  14  feet  long.  The  TnaTJmnm 
width  is  2  feet  2  inches. 

About  16  inches  from  the  inlet  and  outlet  weirs  of  each  unit  of  3  tanks  are 
located  scum  boards  extending  down  24  inches  below  the  flow  line.  Thope  are  two 
other  ''down"  baffles,  one  on  each  side  of  the  gas  vent  at  the  oenter  of  the  tank, 
extending  down  6  feet  below  the  flow  line  or  the  ridge  of  the  bottom  partitions. 
Between  the  three  tanks  of  a  unit  there  are  "up"  baffles  extending  to  within  30 
inches  of  the  flow  line,  which  is  15  inches  below  the  top  of  the  tanks.  The  capacity 
of  the  flow  chamber  from  the  flow  line  to  the  slots  is  41,000  gallons. 

The  digestion  chamber  is  circular,  25  feet  in  diameter  and  10  feet  3  inches  de^ 
below  the  overlap  of  the  slots.  The  sides  are  vertical  for  5  feet,  at  which  point  the 
hopper  bottom  begins.  This  is  6  feet  3  inches  deep,  cone  shaped,  with  slopes  of 
2  to  1. 

The  sludge  outlet  is  an  84noh  iron  pipe  rising  vertically  from  a  point  just  off  the 
center  of  the  hoppers.  This  pipe  extends  to  the  top  of  the  tank  through  tbe 
central  gas  vent  and  is  capped.  Six  and  one-half  feet  below  the  top,  a  horixonUl 
lateral  is  taken  off  across  the  tank,  runs  through  the  side  and  discharges  into  a 
sludge  pit,  from  which  the  sludge  is  carried  to  the  drying  beds  or  other  disposal 
points. 

A  1-inch  lead  water  pipe  is  run  down  to  the  center  of  the  helper  below  the 
sludge  outlet.  From  this  pipe  a  1-inch  branch  extends  around  the  hopper  U 
inches  from  the  top,  and  both  lines  have  one-etghth-inch  holes  drilled  on  18-inch 
centers.  Mr.  C.  C.  Honunon,  supervising  chemist,  stated  these  pipes  were 
never  used  and  he  considered  them  unnecessary.  '  The  capacity  below  the 
overlap  of  the  slot  is  3,000  cubic  feet. 

Dosing  tank, — From  the  tanks  the  sewage  passes  through  a  424nch  oondoit  to 
the  trickling  filter  dosing  tank. 

This  tank,  for  which  plans  were  not  available,  was  said  to  be  of  the  same  dengn 
as  that  for  the  dosing  tank  at  the  Peachtree  plant,  which  is  described  in  detail 
later  in  connection  with  that  plant  There  are  three  Merritt  siphons,  two  dosing 
one-half  acre  each,  and  one  a  full  acre. 

Trickling  fiUers. — There  are  two  units  of  trickling  filters  of  1-acre  area  each. 
Sewage  is  received  in  a  30-inch  main  distributor  from  the  siphon  or  dosing  tank. 
This  distributor  is  carried  down  the  center  of  each  filter  in  a  gallery  6  feet  wide 
with  an  average  clear  height  of  10  feet.  From  the  30-inch  distributor  6-tnch 
laterals  are  taken  off  on  11-foot  8-inch  centers.  These  are  su{^x>rted  on  34Dcb 
wrought-iron  posts  spaced  on  13H-foot  centers,  the  top  of  the  laterals  being  9 
inches  below  the  surface  of  the  stone  comprising  the  filter.  Ev^y  13)^  feet, 
6  by  6  by  3  inch  tee's  are  set  in  these  lines  and  the  nossles,  Morritt  t3rpe,  eet 
in  the  3-inch  openings.  By  staggering  nozzles  on  adjacent  laterals  a  unifona 
spacing  of  13H  ^eet  over  the  filter  is  obtained. 

The  filtering  material  consists  of  Georgia  granite  13^  to  2^  inches  in  aae. 
and  the  depth  varies  from  5}^  to  6  feet,  the  difference  being  caused  by  tlie«lape 
of  the  bottom. 

The  xmder  drainage  consists  of  6-inch  half  tile  laid  on  9^4nch  oentem  on  a 
concrete  bottom  sloping  6  inches  in  13^  feet  to  a  15-inch  channel  drain  molded 
in  the  bottom.  Over  the  half  tile  small  concrete  slabs  18  by  24  by  3  inches  are 
laid  with  1-inch  openings  to  support  the  filtering  material. 

The  154nch  lateral  drains,  laid  parallel  with  the  main  filter  galley,  are  spared 
on  27-foot  centers.  They  have  a  slope  of  one-half  foot  in  the  length  cf  tbe 
filter,  and  discharge  into  a  main  effluent  pipe  24  to  36  inches  in  diameter  k>eatei 
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at  tbe  lower  end  of  the  filter.  This  pipe  drains  toward  the  center  and  discharges 
into  a  42-iDch  outfall  pipe  to  Intrenchment  Creek. 

Over  the  15-inch  laterals  and  spaced  on  23-foot  4-inch  centers  are  located 
S4nch  east-Iron  ventilators,  extending  3  feet  2  inches  above  the  surface  of  the 
stone  and  capped  with  a  cowl.  There  are  no  means  provided  for  flushing  the 
distributing  or  collecting  systems. 

Shtdife  beds. — The  prepared  sludge  drying  area  is  172  feet  long  by  112  feet  6 
iDches  wide.  This  is  divided  by  brick  partitions  into  four  main  beds,  each  26 
feet  wide.  The  four  beds  are  again  subdivided  into  four  smaller  ones  by  trans- 
verse brick  partitions.  The  smaller  unit  is,  therefore,  43  feet  long  by  26  feet 
wide.    The  beds  as  a  whole  are  surrounded  by  an  earthen  embankment. 

Through  the  center  of  each  main  bed  there  is  a  concrete  channel  18  inches 
wide  by  12  inches  deep,  with  a  semicircular  trough  of  10-inch  diameter  molded 
in  the  bottom  with  its  invert  1  foot  above  the  surface  of  the  sand  in  the  bed. 
Sluice  gates  every  43  feet  discharge  on  both  sides  of  the  channel  onto  3  by  3  foot 
concrete  splash  plates  set  2  to  3  inches  above  the  surface  of  the  bed.  The  con- 
crete channels  are  connected  outside  the  bed  by  8-inch  pipes  to  2-foot  square 
manholes  with  sluice  gates.  An  8-inch  vitrified  pipe  from  the  ImhofF  tanks 
carries  the  sludge  to  the  manholes. 

Over  the  channels  are  narrow,  24-inch  gage  tracks  connected  to  a  ladder 
track  at  the  lower  end  of  the  bed  by  turntables. 

The  filtering  material  consists  of  one-quarter-inch  mortar  sand,  2  inches  of 
one-sixteenth  to  one-quarter  inch  gravel,  5  inches  of  one-quarter  to  1  inch  gravel, 
and  Zyi  to  9yi  inches  of  1  to  2}/^  inch  gravel. 

The  drainage  system  consists  of  two  8-inch  main  drains  running  the  length  of 
tbe  bed,  into  which  4-inch  lateral  drains  are  connected  on  7-foot  centers.  The 
bottom,  natural  ground,  slopes  both  ways  from  the  4-inch  drains  to  ridges  be- 
twera  them.  The  8-inch  line  is  laid  on  an  0.8  per  cent  and  the  4-inch  laterals 
on  a  1  per  cent  grade. 

In  addition  to  the  prepared  beds  some  sludge  has  been  run  onto  adjacent 
fields  and  low-lying  areas. 

Sewage  pumps. — The  location  of  the  plant  is  such  that  city  water  is  not  avail- 
able. The  effluent  from  the  tanks  is  used  for  washing  and  sprinkling  purposes, 
being  pumped  by  a  2-inch  horizontal  centrifugal  pump  direct  connected  to  a  10- 
borsepower  Wagner  motor. 

Bj^paeeee, — By-passes  are  so  arranged  that  it  is  possible  to  cut  out  either  the 
tanlLs  or  filters,  or  both,  or  to  pass  sewage  around  the  entire  plant,  which  it  is 
ciBtomary  to  do  at  times  of  storms. 

MUeeUaneaus, — As  originally  built,  roughing  filters  were  provided  between  the 
tanks  and  trickling  filters.  These,  however,  have  never  been  used  and  for  operat- 
ing purposes  are  practically  nonexistent. 

B.    PEACHTBEB   CREEK   PLANT 

Sewage  is  received  at  the  Peachtree  Creek  plant,  Atlanta,  Ga.,  in  a  4-foot 
diameter  concrete  sewer.  This  empties  into  a  channel  5  feet  wide  by  5}^  feet 
deep. 

Screen, — This  is  located  in  the  entrance  channel.  It  is  6  feet  wide  and  10  feet 
long,  set  at  an  angle  of  about  34^  to  the  horizontaL  The  bars  are  three-eighths 
inch,  set  with  a  clear  opening  of  IH  inches.  Cleaning  is  by  hand,  the  screenings 
being  raked  to  a  concrete  platform  at  the  top  of  the  screen. 

OrU  chambers, — This  installation,  following  the  screens,  consists  of  three 
parallel  chambers  each  30  feet  long  by  5  feet  wide.  As  originally  built  the  bottom 
sloped  up  from  a  depth  of  9  feet  8  inches  at  the  inlet  to  5  feet  6  inches  at  the 
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outlet,  with  a  groove  down  the  oentor  of  each  chamber  in  which  was  laid  a  MoA 
tile  drain  to  a  manhole  with  an  outlet  to  the  trickling  filter  drains.  This  anaage- 
ment  has  been  modified  by  covering  two-thirds  of  the  drain  from  the  inlet  with 
slagi  removing  one-third  at  the  outlet,  and  leveling  the  bottom  with  large  stone 
and  sand  to  give  a  uniform  depth  of  5  feet  6  inches.  A  124noh  pipe  was  laid  froa 
the  manhole,  receiving  drainage  from  the  6-inch  tile  to  the  creek.  With  theie 
modifications  it  is  now  customary  to  clean  the  grit  chambers  by  floahing  the 
deposits  direct  to  the  creek. 

A  fourth  channel  parallel  with  the  grit  chambers  was  originally  constructed  a* 
a  by-pass,  but  this  has  been  filled  and,  for  operating  purposes,  does  not  exist. 

Measuring  device. — The  flow  is  measured  by  a  Bristol  recording  gage,  actuated 
by  a  McDougal  Dexter  compressed-air  device,  reading  the  head  over  the  weirv 
of  the  Imhoff  tanks. 

Channels  to  tanks. — Leaving  the  grit  chambers,  the  sewage  enters  a  conduit  to 
the  tanks.  This  is  a  48-inch  line  to  the  inlet  chamber  of  the  first  battery  of  12 
tanks,  and  continues  thence,  reduced  to  42  inches,  to  the  inlet  chamb^s  of  the 
second  battery  of  12  tanks  and  the  third  battery  of  6  tanks. 

From  the  inlet  chambers  the  sewage  can  be  turned  into  a  ohannely  3  feet  wide 
by  3  feet  9  inches  deep,  from  which  the  weirs  to  the  tanks  are  fed,  or  it  can  be  by- 
passed under  this  channel  through  a  30-inch  crossover  conduit  to  another  cham- 
ber at  the  other  end  of  the  tanks  and  thence  to  a  distributing  channd  far 
the  weirs  on  that  end  of  the  tanks.  By  this  arrangement  the  direction  of  flow  in 
the  tanks  can  be  reversed.  The  same  channels  are  used  as  outlets  as  well  as  in- 
lets. 

Imhoff  tanks. — This  installation  consists  of  30  tanks  arranged  in  10  groups  of 
3  tanks  each.  The  3  tanks  in  each  group  operate  in  series,  in  reality  as  one  tank, 
except  that  there  is  a  distinct  demarcation  between  the  tanks. 

The  individual  tanks  are  of  the  same  design  as  those  at  the  Intrenehment 
Creek  plant.  Reference  is,  therefore,  made  to  the  description  at  l^t  plsnt, 
noting,  however,  the  following  differences  in  dimensions.  The  total  tank  length— 
that  is,  the  length  of  the  chambers — is  32  feet  2  inches  instead  of  31  feet  10  inches 
and  the  central  gas  vents  are  6  feet  instead  of  14  feet  8  inches  long,  the  width 
being  the  same. 

Dosing  tank. — A  42-inch  conduit,  increasing  to  48  inches,  takes  the  tank 
effluent  to  the  dosing  tank  of  the  trickling  filters.  The  sewage  enters  the  receiv- 
ing channel  of  this  tank  through  two  36-inch  pipes.  The  dosing  tank,  whidi  is 
divided  into  three  sections,  has  a  total  inside  length  of  55  feet,  width  of  21  feet, 
and  depth  of  9  feet  2  inches.  The  receiving  channel  extends  the  entire  l^igth  and 
is  3  feet  wide  by  5  feet  deep,  the  bottom  being  4  feet  below  the  high-water  level 
in  the  discharge  chambers. 

The  sewage  flows  from  the  inlet  channel  over  three  5-foot  weirs  into  three 
separate  though  connected  siphon  chambers.  Any  of  the  weirs,  however,  may 
be  blocked  by  stop  planks,  the  pipe  connection  between  the  chambers  dosed, 
and  the  section  of  the  filter  controlled  by  that  siphon  put  out  of  operation. 

The  central  siphon  chamber  is  20  feet  by  17  feet  6  inches  at  the  top  with  two 
sides  sloping  in  to  give  bottom  dimensions  of  6  feet  by  17  feet  6  inches.  The  two 
side  chambers  are  20  by  18  feet  at  the  top  with  three  sides  sloping  to  a  bottom  U 
by  6.  All  have  a  maximum  inside  depth  of  9  feet  2  inches,  with  the  high-water 
line  7  feet  from  the  bottom.  These  dimensions  give  approximate  total  capacitiei 
of  2,450  cubic  feet  and  available  dosing  volumes  of  12,500  gallons  for  all  chambenE. 

The  discharge  is  through  24-inch  Merritt  siphons  into  two  42-lnch  and  one 
30-inch  conduits  to  the  filters. 

Since  installed  as  described  above  modifications  have  been  made  in  the  method 
of  control  of  the  siphon  discharge.     Details  of  these  changes  are  not  included,  as 
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their  effect  on  the  operation  of  the  treatment  plant  and  the  efficiency  of  the 
procewes  does  not  appear  to  be  of  sufficient  importance  to  warrant  such 
description. 

Trickling  fiUen. — The  trickllng-filter  installation  consists  of  2^  acres.  It 
should  be  noted  here  that  the  filta-  installation  has  a  rated  capacity  of  only  half 
that  of  the  Imhoff  tanks.  The  former  were  designed  for  an  average  5  m.  g.  d. 
flow^  while  the  tanks  were  designed  for  a  10  m.  g.  d.  flow.  It  is  customary  to 
by-pasB  around  the  filters  all  tank  effluent  in  excess  of  5  m.  g.  d.  The  details  of 
design  for  any  unit,  except  for  a  few  minor  dimensions,  are  the  same  as  for  the 
trickling  filtOTs  at  the  Intrenchment  Greek  plant.  Reference  is  here  made  to 
that  deseription,  note  being  made  of  the  following  differences: 

(1)  Peachtree  filtering  material  IVi  to  2  inch  stone  instead  of  I  }^  to  2H  inch. 

(2)  The  distributors  are  7  instead  of  9  inches  below  the  surface  of  the  stone. 

(3)  The  main  collector  is  24  inches  throughout. 

(4)  There  are  three  30-inch  outlets  to  the  stream  instead  of  one  42-inch. 
Sludge  beds. — The  sladge-drjdng  area  is  identical  in  design  and  dimensions  with 

that  described  at  the  Intrenchment  Creek  plant.     Reference  is  made  to  that 
lescription. 

The  sludge-drying  area  is  about  one-third  sufficient  for  the  plant.  A  large 
inoQDt  of  sludge  is  discharged  on  large  low-l3ring  flats  across  the  creek.  Some 
lalso  diacharged  into  the  creek  at  times  of  high  water. 

Bff-paases. — At  the  inlet  manhole  to  the  plant  an  overflow  weir,  adjusted  to  12 
b  g.  d.  flow,  by-passes  all  above  that  amount.  During  heavy  storms  this  weir 
puBed  and  the  entire  flow  by-passed.  After  i>assing  the  grit  chambers  either 
e  tanks  or  filters  or  both  can  be  by-passed,  or  a  portion  of  the  tank  effluent 
a  be  aent  to  the  filters  and  the  remainder  by-passed.  This  last  is,  as  described 
ove,  the  normal  method  of  operation. 

laboratory, — All  laboratory  work  for  the  three  plants  is  done  at  the  Peachtree 
pL    Here  adequate  laboratory  facilities  with  sufficient  apparatus  to  perform 
'  ^ecesBary  analyses  are  provided. 

'  ^uidence. — An  attractive  frame  residence  is  provided  at  the  plant  for  the 
Vrintendent  of  the  three  sewage  disposal  plants. 

fliMceQaneous, — As   originally    constructed,  roughing    filters    were    provided 
^een  the  tanks  and  the  trickling  filters.     These  devices,  however,  arc  not 
-^  I  and  for  operating  purposes  are  nonexistent. 


rr  . 


III.  Baltimore,  Md. 


tof  the  sewage  received  at  the  treatment  plant  has  passed  through  the 
at  the  pumping  station.     It  is,  however,  mixed  with  unscreened  sewage 
^  ^  j^  outfall  sewer. 

r. — The  outfall  sewer  at  the  entrance  to  the  treatment  plant  is  12  fort 

wide  by  11  feet  high,  with  rounded  top  and  slightly  curved  bottom. 

charges  into  an  entrance  chamber  18  feet  6  inches  long,  12  feet  3  inches 

the  inlet,  flaring  to  25  feet  6  inches  wide  at  the  outlet,  and  12  foet  deep 

inlet,  sloping  to  14*  feet  at  the  outlet.     At  the  outlet  a  baffle  or  column 

the  chamber  to  allow  two  openings  7  feet  wide  into  the  two  compartments 

0oreen  chamber.     These  openings  are  provided  with  stop  planks. 

•creen  chamber  is  49  feet  3  inches  long,  25  feet  6  inches  wide,  and  14  feet 

The  screens  are  of  the  bar  type  placed  nearly  parallel  to  the  line  of  flow. 

luent  or  outside  channel  for  each  screen  is  10  feet  wide  at  the  inlet  but 

to  4  feet  at  the  outlet,  as  the  screens  are  not  exactly  parallel  with  the 

This  arrangement  gives  a  central  or  effluent  channel  5  feet  6  inches  wide 

hnlet  and  15  feet  6  inches  at  the  outlet.     The  central  channel  is  divided 

v^  *0610*'--25t 14 
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into  two  equal  sections  by  a  middle  T  8hi4)ed  walL  Both  ditcbarge  throQ^ 
stop-plank  controlled  openings  into  separate  chambers  from  which  feed  liiMs 
lead  to  the  meters. 

These  chambers  are  each  23  feet  6  inches  Iong»  13  feet  wide,  and  14  feet  6 
inches  deep.  They  are  separated  by  an  18-ineh  wall,  but  coonected  by  two 
3^oot  6-inch  square  openings  cut  through  this  wall.  It  ia  thus  possible  to  use 
both  sides  of  the  screen  chamber  to  feed  the  same  meters.  Thia  acf^en  <diamber 
installation  is  complete  for  future  growth  of  the  plant. 

The  screens  themselves  are  40  feet  6  inches  long  by  11  feet  7  inches  high,  bat 
set  at  a  slope  to  give  a  vertical  height  of  only  11  feet.  They  are  made  of  one- 
hsJf  by  1^  inch  bars  spaced  to  give  a  clear  opening  of  seven-eighths  inch. 

The  screens  are  cleaned  by  hand,  the  screenings  being  raked  up  to  the  platform 
by  the  top  of  the  central  T  wall.  From  here  the  screenings  are  taken  in  a  wheel* 
barrow  to  a  platform  just  outside  the  building  which  covers  the  aoreen  chamber. 
Farmers  take  them  away  from  the  platform,  paying  a  fiiced  price  per  load.  TIk 
building  covering  the  screen  chamber  is  of  attractive  concrete  eonatruction,  with 
ventilation  through  the  roof. 

Venturi  meters. — Feed  pipes  to  the  meters  are  taken  off  the  north  chamber 
only.  The  openings  from  the  south  chamber  are  blocked  pending  future  enlarge- 
ment of  the  treatment  plant  as  a  whole. 

From  the  north  chamber,  five  valve-contn^ed  42-inch  cast-iron  pipes  are 
taken  to  the  meter  house,  which  lies  Just  north  of  this  chamber.  E^ach  line  feeds 
a  42  by  21  inch  recording  Venturi  meter.  Three  of  these  measure  the  flow  to 
the  three  hydrolytic  tanks,  the  fourth  the  flow  to  the  Imhc^  tanka,  and  the 
fifth  is  idle  pending  further  installation.^ 

Hydrolytic  tanks, — There  are  three  hydrolytic  tanks,  each  having  a  total 
inside  length  of  417  feet  8  inches. 

The  sewage  from  the  meter  house  is  taken  to  the  tanks  in  42-inch  diameter 
conduits,  one  for  each  tank.  These  enlarge  to  6  feet  in  diameter  just  before 
entering  the  tank  at  the  center  of  the  inlet  walL  They  discharge  against  a 
deflector  wall  that  runs  across  the  tank  3  feet  from  the  end  wall.  Thia  deflector 
wall  has  six  9-foot  wide  openings  spaced  on  8-foot  centers. 

Each  tank  is  divided  transversely  into  two  sections  separated  by  a  cartain  wall 
which  extends  up  from  the  bottom  6  feet.  Three  feet  ahead  of  this  wall  is  a 
scum  or  baffle  extending  down  1  foot  bdow  its  top. 

The  inlet  section  is  103  feet  11  inches  long  by  101  feet  9  inches  wide  by  10 
feet  6  inches  to  11  feet  9  inches  deep.  The  bottom  slopes  into  three  longitudinal 
hoppers,  each  68  feet  3  inches  long,  by  28  feet  wide  at  the  top  and  2  feet  wide 
at  the  bottom,,  and  1  foot  3  inches  deep.  Down  the  centers  of  these  hoppers 
2-foot  semicircular  bottom  drains  lead  on  a  2.76  per  cent  grade  to  a  32  by  4S 
inch  sludge  drain  under  the  curtain  wall. 

The  outlet  section  is  313  feet  9  inches  long  by  101  feet  6  inches  wide  by  13 
feet  to  15  feet  6  inches  deep.  The  bottom  slopes  similarly  to  that  in  the  intei 
section  except  that  there  are  only  two  instead  of  three  hoppers.  These  hoppers 
are  204  feet  11  inches  long  at  the  bottom  by  50  feet  9  inches  wide  at  the  top 
and  2  feet  wide  at  the  bottom.  The  drain  channels  slope  from  both  ends  to  a 
cross  drain  located  54  feet  8  inches  nearer  the  curtain  wall  than  the  outlet  wall. 
These  cross  drains  lead  to  an  egg-shaped  sludge  conduit  under  the  dividing  walls 
between  two  tanks.  The  final  outlet  is  through  six  24-inch  circular  sluice  gates 
into  an  effluent  channel  12  feet  6  inches  square.  Three  feet  in  front  of  the 
sluice  gates  is  a  scum  board  extending  down  6  inches  below  the  bottom  of  the 
gates  or  7  feet  6  inches  from  the  top  of  the  tank. 


1  One  hydrolytic  tank  and  meter  has  been  added  subsequent  to  the  survey. 
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Quite  extensive  arrangementB  are  provided  for  flushing  the  tanks.  Along  the 
top  of  the  walls  of  the*  tanks  there  are  water  mains  with  flushing  hydrants. 

The  sludge  conduits  under  the  curtain  wall  and  those  under  the  dividing  wails 
between  two  tanks  lead  to  pump  wells  7  by  3J^  to  4  feet  in  plan.  From  these, 
10-lneh  De  Laval  centrifugal  pumps  with  special  impellers,  shaft  connected  to 
SS-honepower  Fort  Wajme  motors,  pump  the  sludge  to  sludge  digestion  tanks. 
There  are  two  such  pumping  installations  for  the  hydrolytic  tanks,  each  designed 
to  serve  two  tanks. 

In  operation,  two  hydrolytic  tanks  run  in  parallel,  with  the  third  idle.  At 
the  time  of  the  survey  over  95  per  cent  of  the  entire  flow  was  being  treated  in 
tbeee  tanks.  A  tank  is  operated  until  the  analyses  show  its  settling  efficiency 
to  be  materially  below  normal  when  it  is  shut  down  and  allowed  to  lie  idle  for 
one  or  more  days.  The  liquor  between  the  scum  and  sludge  is  drawn  off  and 
pumped  to  one  of  the  operating  tanks,  and  the  sludge  and  scum  remaining  is 
then  pumped  to  sludge  digestion  tanks.  Lack  of  adequate  sludge  storage 
tanks  has  compelled  the  operation  of  the  hydrolytic  tanks  for  longer  periods 
than  would  otherwise  be  desirable,  and  this  has  resulted  in  the  accumulation  of 
very  heavy  sludge  and  a  dry  scum  to  which  it  is  necessary  to  add  considerable 
water  before  it  can  be  pumped. 

The  capacity  of  each  hydrolytic  tank  is  about  4,000,000  gallons,  but  all  this 
Cftpacity  is  not  available  for  sedimentation  since  the  acciunulation  of  sciun  and 
sludge  reduces  the  volume.  Efforts  to  determine  the  detention  period  by  the 
color  or  dye  method  have  been  successf uL  It  was  estimated  that  the  detention 
period  averages  from  three  to  three  and  one-half  hours. 

Imhoff  tanks, — The  Imhoff  tank  installation  consists  of  28  circular  radial  flow 
tanks.  They  were  originally  designed  for  a  downward  and  outward  flow,  but 
are  b^ng  converted  to  a  horizontal  and  outward  flow. 

A  42-inch  conduit  from  the  meter  house  supplies  all  the  tanks,  which  are 
arranged  in  two  rows  of  10  tanks  each  and  a  third  row  of  8  tanks.  The  conduit 
discharges  into  an  entrance  chamber  which  flares  from  42  inches  to  6  feet  wide 
and  divides  into  5  channels  which  run  between  the  two  10-tank  rows.  The  two 
outside  channels  are  9  inches  wide,  feeding  the  first  4  tanks  on  each  side,  the 
next  two  are  15  inches  wide,  feeding  the  second  4  tanks,  and  the  middle  channel 
u  18  inches  wide,  feeding  the  last  2  tanks.  All  are  24  inches  deep.  For  the 
row  of  8  tanks  a  26-inch  wide  channel  is  taken  off  the  influent  chamber,  run 
around  a  10-tank  row  and  turned  to  parallel  the  far  side  of  the  8  tanks.  This 
26-inch  channel  divides  into  two  channels,  9  by  15  inches,  each  supplying  4  tanks. 
All  channels  and  all  tank  inlets  are  controlled  by  stop  planks. 

The  inside  diameter  of  the  Imhoff  tank  at  the  top  is  39  feet.  The  sides  are 
vertical  for  3  feet  6  inches.  They  then  slope  in  on  a  1  to  1}^  slope  to  form  an 
^-inch  slot  with  a  baffle  vrall,  to  be  described  later,  and  continue  past  the  slot 
to  give  an  8-inch  overlap. 

Each  tank  has  a  central  gas  vent,  with  an  inside  diameter  of  5  feet  4  inches. 
From  this  vent  the  baffle  forming  ^e  other  side  and  bottom  of  the  flow  channel 
slopes  out  to  meet  the  insloping  outside  wall. 

Sewage  enters  the  tank  from  the  influent  channel  by  a  trough  12  inches  wide  and 
18  inches  deep  which  runs  across  the  tank  to  a  12  by  10  inch  channel  circling  the 
gas  vent.  This  orginally  discharged  into  the  tank  through  openings  in  the  bottom, 
but  it  is  being  changed  to  discharge  over  the  channel  wall.  The  flow  is,  there- 
fore, radial  across  the  tank  to  a  collecting  trough  12  inches  wide  by  20  inches  deep, 
drcUng  the  tank,  into  which  the  sewage  flows  over  notched  weirs.  Four  feet 
from  the  collecting  trough  a  circular  galvanized-iron  baffle  26  inches  deep  is 
htmg  so  that  its  bottom  is  about  22  inches  below  the  crest  of  the  notched  weirs  on 
tbe  effluent  collector. 
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The  effluent  collector  trough  discharges  into  an  effluent  channel  3  feet  wide  and 
of  varying  depth.  These  channels  are  located  diametricklly  opposite  the  inlet 
channels.  They  lead  to  and  discharge  into  the  effluent  conduit  from  the  hydro- 
lyi:ic  tanks. 

The  total  depth  of  the  flow  chamber  from  the  top  of  the  tank  to  the  apex  of  the 
slot  is  13  feet  6  inches,  but,  as  the  crest  of  the  outlet  wdrs  is  10  inches  bdow  the 
top  of  the  tank,  the  available  depth  from  the  crest  of  these  weirs  is  12  feet  8  inebei. 
The  designed  available  capacity  is  8,520  cubic  feet  or  63,900  gallons. 

The  sludge  digestion  chamber  below  the  overlap  of  the  slot  enlarges  from  a  diam- 
eter of  21  feet  to  23  feet  in  a  vertical  distance  of  1  foot  4  inches.  The  walls  are  then 
vertical  5  feet  8  inches  to  the  top  of  the  hoppers.  These  have  a  depth  of  5  feet 
3  inches,  the  bottoms  having  a  2  to  1  slope.  The  sludge  outlet  is  an  8-inch  pipe 
starting  over  the  center  of  the  hopper  and  sloping  up  to  the  top  of  the  tank,  paas- 
ing  through  the  flow  chamber.  About  5  feet  below  the  flow  line  a  branch  k 
taken  off  horizontally,  and  run  through  the  tank  wall  to  discharge  into  a  tile  Hue 
to  the  sludge  beds. 

The  capacity  of  the  sludge  compartments  below  the  overlap  of  the  slot  is  3,612 
cubic  feet,  designed  to  give  a  storage  of  6  months  on  a  basis  of  1  cubic  foot  per 
capita  for  the  estimated  population  of  4,000  to  be  served  by  each  tank. 

At  the  time  of  the  survey,  only  5  of  the  28  tanks  were  operating  and  these  m 
test  units.  The  tanks,  as  originally  designed,  did  not  give  satisfaction.  There  was 
considerable  foaming  and  excessive  scum  formation  in  the  settling  chambers  id 
spite  of  frequent  squeegeeing  of  the  walls  and  sloping  bottoms.  In  additioii» 
when  operated  in  parallel  with  the  hydroljrtic  tanks,  the  higher  loss  of  head  in 
the  Imhoff  tanks  and  inlet  and  outlet  channels  diverted  the  entire  aewage  flow 
through  the  hydrolytic  tanks  as  soon  as  the  head  in  the  outfall  sewer  dropped 
below  a  certain  level,  which  it  did  for  about  four  hours  each  day.  When  the 
flow  increased,  the  water  level  was  built  up  in  the  hydrolytic  tanks  and  backed 
from  the  main  effluent  channel  through  Imhoff  tank  effluent  channels  into  the 
tanks  themselves,  stirring  up  the  scum  in  these  tanks. 

These  tanks  were  taken  out  of  service  in  June,  1017,  the  sewage  flow  then  being 
too  much  for  one  hydrolytic  tank  and  the  Imhoff  tanks  and  too  little  for  two 
hydrolytic  tanks  with  the  Imhoff  tanks.  Several  of  the  Imhoff  tanks  have  been 
run  as  test  units,  and,  as  a  result  of  these  tests,  all  the  tanks  are  being  slightly 
remodeled.  The  flow  line  is  being  raised  to  prevent  back  flow  from  the 
effluent  channels,  the  number  of  weirs  on  the  effluent  collecting  channel  in  the 
tank  reduced  from  52  to  35  and  the  flow  changed  to  a  horizontal  radial  direc- 
tion instead  of  upward  and  outward. 

Fine  screens. — The  main  effluent  channel,  carrying  the  effluent  from  both  the 
hydrolytic  and  the  Imhoff  tanks,  discharges  into  revi^ving  fine  screens.  These 
screens  were  installed  to  remove  solids  in  the  tank  effluent  which  clogged  trick* 
ling  filter  nozzles. 

Three  of  these  screens  were  in  service  at  the  time  of  the  survey  and  a  fourth 
was  being  installed.  The  original  installation  consisted  of  two  screens  made  of 
cast  iron  and  steel,  weighing  about  10  tons.  Their  weight  was  too  much  to  secuie 
trunnions  capable  of  standing  up  for  more  than  about  10  days.  They  were, 
therefore,  abandoned  and  the  present  t3rpe,  designed  by  Mr.  J.  J.  Neal,  adopted 
The  frames  of  these  screens  are  made  of  oak  with  iron  bracing,  and  they  weigh 
complete  only  1^  tons.  They  are  12  feet  in  diameter  and  10  feet  long,  covered 
with  24-mesh  Monel  metal  cloth.  Around  this  cloth  a  9  or  10  gage  galvanised* 
iron  wire  is  wound  in  spiral. 

Thesewageenterstheinsideof  the  screens,  which  are  set  with  a  horisontal  asifl 
of  revolution,  and  flows  out  through  the  Monel  metal  cloth.  Oeaning  ht  dooe 
at  the  top  point  of  revolution  where  a  spray  of  final  filter  effluent  is  direeted  onto 
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the  oatiride  of  the  screen  from  a  0.008-inch  slot  in  a  pipe.  The  screenings  drop 
into  a  trough  which  carries  them  to  an  unused  Imhoflf  tank  where  they  are  set- 
tled. 

Thase  screens  have  proved  very  efficient,  reducing  the  filter  nozzle  cleaning 
frotn  37  to  141  per  cent  daily  down  to  5  to  15  per  cent.  Each  screen  can  handle 
4Mwr  30  m.  g.  of  sewage  daily  with  a  loss  of  head  of  1  to  0  inches.  It  was  stated 
tbat  tbc  Monel  metal  cloth  lasted  about  one  year,  the  wire  winding  about  three 
months,  and  the  screen  frame  and  bearings  about  five  years,  when  it  is  necessary 
to  make  extensive  repairs  to  moving  parts. 

Filt€r^€ontrol  house, — The  effiuent  from  the  screens  passes  to  the  filter-control 
house  in  a  covered  conduit  12  feet  6  inches  wide  by  13  feet  deep.  Here  it  enters 
a  storage  chamber,  48  feet  8  inches  long  by  25  feet  wide  by  23  feet  deep,  through 
throe  openings,  5  feet  wide  by  2  feet  6  inches  deep,  cut  in  the  common  wall  be- 
tween the  main  effluent  channel  and  the  storage  well,  the  bottom  of  the  openings 
being  6  feet  below  the  floor  level  above  the  storage  well.  These  openings  were 
originally  equipped  with  float  controlled  gates  to  maintain  a  constant  level  in 
the  atDrage  weU,  but  this  automatic  feature  has  been  abandoned,  and  the  flow 
into  the  storage  well  is  now  regulated  by  hand  within  established  limits. 

There  are  twenty  18  by  27  inch  cast  iron  pipes,  ten  of  which  are  controlled  by 
18  by  27  inch  sluice  gates  in  the  storage  welL  These  are  set  in  the  side  of  the 
storage  opposite  the  inlet.  These  are  arranged  in  two  batteries,  each  battery 
having  two  rows  of  5  pipes  each,  one  above  the  other.  Only  one  battery  is  in 
use  as  the  filter  installation  does  not,  as  yet,  require  more  than  10  lines,  each  of 
which  provides  for  3  acres. 

With  the  sluice  gates  from  the  storage  well  open,  the  flow  through  to  the  filters 
is  controlled  by  butterfly  valves  in  the  ten  18  by  27  inch  lines.  These  valves 
are  actuated  by  a  motor  through  friction  disks.  Just  inside  the  building  the  18 
by  27  inch  cast-iron  pipes  discharge  through  increasers  into  36-inch  concrete 
conduits  to  the  filters. 

TrickUng  fiUera, — This  installation  consists  of  10  units  of  3  acres  each,  a  total 
of  30  acres.  The  ten  36-inch  feed  lines  from  the  control  house  are  carried  down 
along  one  end  of  the  filter  installation,  all  cast  in  one  block  of  concrete.  They 
are  arranged  in  two  rows  of  five  each,  one  row  on  top  of  the  other.  The  filters 
lie  in  5-row  2  units  each.  After  two  rows  have  been  passed  the  364nch  circular 
conduits  are  converted  into  a  rectangular  shape,  2  feet  6  inches  wide  by  4  feet 


At  the  center  of  each  row,  two  feed  lines  are  taken  off,  one  for  each  filter  imit 
in  that  row,  and  carried  down  the  center  of  the  filters  in  a  double  gallery,  12  feet 
4  inches  wide  by  about  7H  feet  high.  This  gallery  is  divided  by  concrete  par- 
titions into  three  sections,  the  central  one,  4  feet  4  inches  wide,  carrying  the 
feed  lines,  and  the  two  side  ones,  each  4  feet  wide,  for  inspection  galleries. 

From  the  main  distributors  in  the  galleries  6-inch  lateral  distributors  are  taken 
off  on  15-foot  centers,  each  suppl}ring  11  nozzles.  Some  of  the  laterals  are  of 
cast-iron  pipe  while  others  are  of  vitrified  terra-cotta  pipe  incased  in  concrete. 
All  are  supported  by  small  concrete  posts,  the  centers  of  the  laterals  being  about 
2  feet  9  inches  below  the  surface  of  the  stone.  Beyond  the  last  nozzle  the  lateral 
is  reduced  to  a  3-inch  cast-iron  line,  and  extended  6  feet  to  a  flushing  gallery,  4 
feet  wide  by  7  feet  high,  where  it  terminates  in  a  valve.  This  provision  for 
flushing  was  used  at  first,  but  the  present  method  is  to  flush  through  the  end 
risers  by  removing  the  nozzle.  By  flushing  through  the  valve  into  the  gallery 
it  was  found  that  the  sediment  splashed  back  into  the  small  underdrains  which 
veot  into  the  gallery. 

The  risers  for  the  nozzles  are  3-inch  cast-iron  pipe  extending  above  the  stone  so 
that  the  top  of  the  nozzle  is  6  inches  above  the  stone.    The  filter  nozzles  are  on 
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15-foot  centers,  but  they  are  not  staggered  on  adjacent  laterals  so  that  the 
diagonal  distance  between  nozsles  on  two  laterals  is  about  21  feet  2H  inches. 

There  are  on  an  average  of  683  nozzles  for  each  3-acre  unit.  The  Mcmtt 
nozzle  predominates  with  4,630  nozzles  as  against  1,200  of  the  Taylor  cloTcr* 
leaf  type. 

The  filtering  material  consists  of  8J^  feet  of  trap  rock  of  1  to  2Vi  inch  specified 
size.  As  is  usually  the  case,  however,  there  is  some  stone  well  under  the  l-incb 
size. 

For  drainage,  the  concrete  bottom  of  the  filter  is  molded  into  channels  4  inches 
deep  by  6  inches  top  width,  on  11-lnch  centers.  These  run  parallel  with  the 
distributors  and  drain  with  a  one-half  per  cent  slope  from  both  the  main  double 
gallery  and  the  single  flushing  gallery  to  a  main  drain  midway  between  these 
galleries.  This  drain  is  3  feet  wide  by  9  inches  deep  at  its  upper  end  with  its 
bottom  sloping  on  about  a  0.3  per  cent  grade  to  a  depth  of  3  feet  4  inches  at  its 
lower  end,  where  it  discharges  into  the  effluent  channel.  A  manhole  is  pro- 
vided at  the  center  of  this  drain  for  inspection  and  flushing. 

Over  the  lateral  drains  molded  in  the  bottom  are  laid  10  by  20  inch  vitrified 
plates  with  6  by  one-half  inch  slots  on  3^-inoh  centers  to  form  the  level  bottcan 
upon  which  the  stone  is  laid. 

As  will  be  described  later,  the  water  level  in  the  effluent  channel  rises  duriog 
part  of  the  day  2  or  more  feet  above  that  originally  intended.  This  backs  the 
water  into  the  filters,  which  operate  durinig  these  periods  of  high-water  level 
with  underdrains  and  part  of  the  filter  stone  submerged. 

At  the  present  time  (1920)  the  entire  installation  of  30  acres  is  not  needed  U} 
take  care  of  the  sewage  flow.  All  beds  are  ripened  and  kept  in  condition  br 
being  put  into  service  for  a  short  period  every  day,  but  the  main  load  is  carried 
by  12  to  24  acres  which  are  put  in  or  taken  out  of  service  to  correspond  with 
the  variations  in  flow.  The  average  rate  of  treatment  is  about  2.83  m.  g.  per 
acre  per  day. 

Trickling  filter  effluent  channel. — This  lies  along  the  lower  end  of  the  rows 
of  filters,  and  receives  the  sewage  from  the  main  underdrains  of  the  filten- 
Where  it  starts  at  the  outlet  of  the  first  filter  drain  it  is  3  feet  wide  by  about 
4  feet  10  inches  deep.  Its  bottom  slopes  at  a  0.25  per  cent  grade,  thereby  increas- 
ing the  depth,  and  the  width  is  gradually  increased  through  the  entire  length  o; 
the  filter  installation,  so  that  at  the  end  of  the  filters  the  channel  is  10  feet  wiJf 
by  8  feet  10  inches  deep.  Before  reaching  the  secondary  sedimentation  tani> 
this  depth  was  originally  reduced  to  7  feet  8  inches,  but  later  due  to  friction  in 
the  mixing  channel,  described  below,  it  was  necessary  to  build  up  the  walls  1 
foot.     This  produced  the  flooding  of  the  filter  underdrainage  already  mentioneH. 

Disinfection. — It  was  originally  contemplated,  when  designing  the  plant,  that 
the  filter  effluent  be  disinfected  with  chlorine.  A  part  of  the  effluent  chanuel 
was  therefore  designed  to  act  as  a  mixing  chamber  after  adding  the  chemical. 
Where  the  effluent  channel  makes  a  right-angle  turn  to  the  secondary  sedi- 
mentation tanks  its  width  was  increased  from  10  to  25  feet  for  a  distance  vf 
144  feet  and  then  narrowed  down  again  to  10  feet.  In  the  wide  section,  baffle 
walls  divert  the  sewage  from  one  side  to  the  other  four  times. 

Disinfection  has  been  tried  only  once  since  the  plant  was  put  in  operatioa. 
and  then  only  for  experimental  purposes.  Arrangements  have  been  made  fcr 
by-passing  part  of  the  flow  around  the  mixing  chamber. 

Secondary  sedimentation  tanks. — There  are  two  secondary  sedimentation  tanks* 
each  272  feet  long  by  290  feet  wide,  with  one  side  wall  on  a  slope,  the  other  beiui 
the  vertical  division  wall  between  the  two  tanks.  The  depth  varies  from  10  Ip 
12  feet,  the  bottoms  sloping  to  form  two  shallow  hoppers  with  central  drstns 
running  to  a  pump  well  in  the  dividing  wall. 
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The  final  effluent  channel  from  the  filters  runs  the  entire  length  of  one  end  of  the 
I,  and  was  designed  to  feed  into  them  through  seven  24-inch  sluice  gates,  set 
flush  with  the  bottom  of  the  channel  and  spaced  on  40-foot  centers.  These  have 
proved  inadequate,  necessitating  the  cutting  of  additional  openings  through  the 
wall  between  the  channel  and  the  tanks. 

The  outlet  of  the  tanks  is  over  a  weir,  extending  the  full  width  of  the  tanks 
and  discharging  into  a  final  effluent  channel,  10  feet  wide  by  6  feet  8  inches  deep. 

The  tanks  have  a  total  capacity  of  760,000  cubic  feet  each,  or  nearly  5,700,000 
gallons. 

Hydroditctric  plani, — ^The  effluent  from  the  secondary  sedimentation  tanks  is 
taken  to  the  power  house  where  it  is  used  to  generate  electric  current  used  for  all 
purposes  over  the  plant.  There  is  available  a  head  of  about  18  feet  on  two 
Morsan-Smtth  water  turbines,  shaft  connected  to  two  110  kilowatt  Fort  Wayne 
generators.  In  reserve,  there  is  an  85-horsepower,  four  cycle,  Nash  gasoline  engine. 
Since  1916  it  has  always  been  possible  to  generate  ample  power  with  the  turbines. 
The  power  generated  is  used  for  the  sludge  pumps,  the  fine  screens,  the  butterfly 
valves  on  the  trickling  filter  feed  lines,  pumps  to  provide  the  water  supply  and 
otbers  to  pump  purified  sewage  for  flushing  purposes  and  general  use  around  the 
plant. 

Pinal  effluent  eonduUa. — From  the  hydroelectric  plant,  the  final  effluent  is 
carried  in  two  5-foot  diameter  wood-stave  pipes  2,500  feet  long  extending  sub- 
merged into  Back  River. 

Sludge  digeaHon  tanke. — ^There  are  two  types  of  sludge  digestion  tanks,  the  rec- 
tanipilar  type  of  which  three  were  built  as  part  of  the  original  installation  and  one. 
in  1921,  and  the  circular  type  of  which  16  were  constructed  in  1914  in  order  to 
give  additional  storage  space. 

Three  of  the  rectangular  tanks  lie  adjacent  to  the  hydrolytic  tanks.  Each 
tank  is  101  feet  6  inches  wide  by  138  feet  4  inches  long  by  13  feet  6  inches  to 
15  feet  6  inches  deep.  The  bottoms  slope  from  both  sides  and  from  two  ridges 
on  a  1 1  to  1  slope  to  3  longitudinal  drains.  They  also  slope  from  the  two  ends 
on  the  same  11  to  1  slope  to  these  drains.  These  drains  have  a  2  per  cent  grade 
to  sluice  gates  which  vent  into  a  manhole,  from  which  a  32  by  48  inch  egg-shaped 
drain  on  a  6.44  per  cent  grade  leads  to  a  pump  well  at  the  center  of  the  south 
wall  of  the  three  tanks. 

The  sludge  is  pumped  from  the  hydrol3rtic  tanks  by  pumps  which  were 
described  in  discussing  hydroljrtie  tanks.  The  pipes  are  carried  on  the  north 
wall  of  the  sludge  tanks  which  is  also  a  south  wall  of  a  hydrolytic  tank.  The 
sitidge  is  discharged  on  the  surface  of  the  digestion  tanks. 

After  digestion  the  sludge  is  pumped  from  the  well  already  mentioned  to  the 
sludge  beds  by  a  pumping  installation  identical  with  that  described  under  the 
hydrolytic  tanks. 

As  the  sludge  becomes  very  heavy  in  these  tanks  it  is  frequently  necessary  to 
use  considerable  flushing  water  to  handle  it  by  the  pumps.  Each  tank  has  a 
capacity  of  about  203,000  cubic  feet. 

In  1014,  16  additional  riudge  digestion  tanks  were  installed  south  of  the 
filters  and  east  of  the  riudge  beds  existent  at  that  time. 

These  tanks  have  an  inside  diameter  of  38  feet.  The  walls  are  vertical  to  a 
depth  of  15  feet  below  which  there  is  a  conical  hopper  9  feet  6  inches  deep,  making 
the  total  depth  of  the  tanks  24  feet  6  inches,  and  giving  a  total  capacity  of  20,600 
cubic  feet  per  tank  or  roughly  330,000  cubic  feet  for  the  16  tanks. 

The  alodge  is  pumped  to  the  digestion  tanks  in  a  12-inch  line  from  the  hydro- 
lytic tanks.  From  this  line,  an  8-inch  pipe  is  taken  off  for  each  digestion  tank. 
Th»  pipe  enters  a  tank  near  the  top  of  the  hopper  and  then  turns  up  to  discharge 
the  center  about  8  feet  from  the  top. 
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Digested  sludge  is  r^noved  by  the  hydrostatic  pressure  over  the  outiet  of  the 
tank.  An  8-lnch  line  starting  about  2  feet  above  the  center  of  the  hopper  runs 
across  the  tank,  passes  through  the  side  wall  about  10^  feet  from  the  top,  and 
discharges  into  an  open  sludge  channel  12  inches  wide  by  18  inches  deef>,  from 
which  it  can  be  drawn  off  through  stop  gates  on  to  the  sludge  beds. 

In  1921  another  sludge  digestion  tank  was  built,  having  a  capacity  of  282,600 
cubic  feet.  This  tank  is  150  feet  long,  and  80  feet  wide,  inside  dimensiona.  The 
depth  of  the  tank  at  the  sides  is  16  feet  3  inches,  and  at  the  center  21  feet  3 
inches.  The  undigested  sludge  enters  at  both  ends  near  the  bottom  through  a 
12-inch  cast-iron  pipe.  There  are  6  manholes  along  the  walls,  each  with  1  out- 
let pipe,  and  3  inlets  placed  at  different  elevations.  Each  inlet  is  provided  with 
a  10-inch  circular  sluice  gate.  The  outlet  pipes  connect  with  a  rectangular  con- 
crete channel  12  inches  wide  and  18  inches  deep  throu|^  which  the  sludge  flows 
by  gravity  to  the  dr3dng  beds.  A  concrete  walkway,  30  inches  wide,  is  provided 
along  the  top  of  the  tank  in  order  to  facilitate  the  operation.  All  of  the  idudge 
is  removed  by  gravity  to  the  drying  beds.' 

Sludge  beds. — There  are  four  separate  sludge  bed  areas,  two  of  these  are  used 
for  sludge  from  the  sludge  digestion  tanks,  one  for  sludge  from  the  ImholF  tanks, 
and  one  for  sludge  from  the  secondary  sedimentation  tanks. 

The  first  bed  installed  was  400  feet  long  by  100  feet  wide.  It  consisted  of  30 
inches  of  sand  over  about  0  inches  of  gravel,  the  gravel,  however,  thinning  out 
toward  the  edges  of  the  bed.  The  30  inches  of  sand  was  considered  too  much 
for  satisfactory  drainage,  and  the  depth  has  been  reduced  to  about  IS  inches. 
The  bottom  slopes  from  both  sides  toward  the  center  on  about  a  1  per  cent 
slope  which  is  increased  for  the  last  10  feet  nearest  ihe  center.  On  the  sk^Kv 
4-inch  drain  tile  are  laid  on  24-foot  centers  with  open  joints.  These  connect 
into  an  8-inch  vitrified  line  running  through  the  center  the  full  length  of  the 
bed  on  a  0.25  per  cent  grade  and  discharging  into  a  marshy  area  south  of  the 
plant. 

Subsequent  to  the  survey  a  pumping  station  has  been  provided  to  pump  the 
water  which  runs  off  from  the  sludge  placed  on  the  drying  beds.  This  siatioD 
is  provided  with  two  S-horsepower  vertical  motors  direct  connected  to  twi^ 
2-inch  centrifugal  closed  impeller  sump  pumps,  each  with  a  capacity  of  160 
gallons  a  minute.  The  water  is  pumped  through  a  4-inch  cast-iron  main  to  the 
effluent  channel  of  the  primary  sedimentation  tanks  from  which  it  flows  througb 
the  trickling  filters  and  the  secondary  sedimentation  tanks.  Each  pump  unit 
will  work  automatically.' 

Sludge  is  applied  to  the  bed  at  three  points  from  either  the  12-lneh  line  from 
the  rectangular  digestion  tanks  or  from  a  12  by  18  inch  open  chumel  from  the 
circular  digestion  tanks.  It  is  run  down  a  short  concrete  chute  into  it  small 
box  with  its  top  level  with  the  bed  and  from  this  it  floods  over  the  auifaoe. 

In  1914  an  other  bed  of  the  same  'jretL  was  built  on  the  other  side  of  the  124ncb 
feed  line.  Its  area,  however,  was  subdivided  into  nine  beds  of  different  widths, 
and  the  bed  itself  is  of  a  different  construction.  The  sand  layer  is  4  inches  deep 
and  rests  on  a  layer  of  graded  gravel  8  to  11  isches  de^,  except  over  trench«^ 
where  it  covers  the  drains.  These  drains  consist  of  a  4-inch  Ule  down  the  ooil^ 
of  each  bed,  starting  12  feet  from  one  end  and  discharging  into  a  6  to  8  incli 
main  drain,  which  runs  across  all  beds  12  feet  from  the  other  end.  This  main 
drain  has  a  grade  of  0.5  per  cent  and  discharges  into  the  12-lnch  line  aheadr 
described. 

Sludge  is  applied  onto  splash  plates  at  the  center  of  one  end  of  the  beds  from 
an  open  channel,  12  inches  wide  by  18  inches  deep,  into  which  the  circular 
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tioD  tftnks  diacbarge.     Sludge  ean  also  be  taken  into  the  channel  from  the  12->inch 
lioe  from  the  rectangular  digestion  tanks. 

These  two  beds  are  considered  as  one  area.  A  second  area  consists  of  two  beds 
built  in  1914,  one  on  each  side  of  the  circular  digestion  tank  installation.  These 
beds  are  in  design  similar  to  the  second  bed  described  above.  The  filtering 
niAtoial  and  underdrains  are  the  same,  but  the  beds  are  468  feet  long  by  150 
feet  wide,  divided  into  18  beds,  26  by  150  feet. 

A  third  area,  also  built  in  1914,  is  adjacent  to  the  Imhoff-tank  installation  and 
ia  available  for  these  tanks  only.  This  area  consists  of  two  beds:  One,  4043^ 
feet  long  by  75  feet  wide,  divided  into  16  beds,  75  feet  long  by  26  feet  wide;  and 
the  other,  189  feet  long,  by  75  feet  wide,  divided  into  7  beds,  also  76  by  26  feet. 

The  material  in  the  bed  consists  of  4  inches  of  sand  over  8  to  11  inches  of 
graded  gravel.  The  underdrainage  is  similar  to  the  other  beds  built  in  1914 — a 
central  4-inch  drain  on  a  1  per  cent  grade  discharging  into  a  6  to  8  inch  drain 
on  a  6  per  cent  grade  across  all  the  small  beds. 

Sudge  flows  in  pipes  by  gravity  from  the  Imhoflf  tanks  to  an  open  channel 
along  the  beds;  from  this  channel  it  is  discharged  onto  splash  plates. 

The  fourth  area  is  adjacent  to  and  for  sludge  from  the  secondary  sedimenta- 
tion tanks.  This  area  is  600  feet  long  by  150  feet  wide,  with  two  subdivisions. 
The  bed  consista  of  12  inches  of  sand  with  no  gravel,  except  over  the  under- 
drains which  are  spaced  on  25-foot  centers.  The  drains  cross  the  bed  to  a  ditch 
outside  of  and  running  longitudinal  with  the  bed.  Sludge  is  applied  to  splash 
plates  at  four  points  from  8-inch  lines  which  are  taken  off  a  12-inch  header  from 
the  sludge  pump. 

Along  the  ends  of  each  row  of  sludge  drying  beds  there  is  a  permanent  24- 
;age  industrial  track.  When  a  bed  is  to  be  cleaned  a  spur  track  is  laid  through 
the  center  of  the  bed  and  cars  are  run  in  on  this  track. 

Sludge  disposoL — Some  sludge,  mostly  that  from  the  Imhoff-tank  beds,  is 
lauled  from  the  beds  by  farmers,  but  the  bulk  of  the  digestion-tank  sludge  is  taken 
•0  a  drying  plant  located  at  the  treatment  plant. 

Sludge  drying  plant. — Adjacent  to  the  sludge  drying  beds  there  is  situated  a 
>Iant  where  air-dried  sludge  is  heat  dried.  The  sludge  is  carried  in  industrial 
tars,  which  are  drawn  by  a  3-ton  Pljrmouth  locomotive,  to  the  plant  and  dumped, 
rhia  sludge  ordinarily  contains  about  65  per  cent  moisture.  From  the  dump 
be  sludge  is  shoveled  into  a  drag  conveyor  which  carries  it  to  a  Renneberg 
tandard  direct-heat  dryer  6  feet  in  diameter  and  40  feet  long.  When  new  this 
Irjer  was  specified  to  dry  16  pounds  of  70  per  cent  sludge  to  4  pounds  10  per 
ent  sludge  per  pound  of  fuel.  From  the  dryer  a  conveyor  carries  the  sludge  to 
be  acreena,  the  screenings  going  by  conveyor  to  the  bagging  hoppers  and  the 
ailing  to  a  grinder  and  back  to  the  screens. 

Water  9upplp. — The  location  of  the  treatment  plant  necessitates  a  private 
rater  supply.  For  general  washing  and  flushing  purposes  the  final  plant  cfflu- 
nt  is  pumped  to  a  100,000-gallon  elevated  steel  tank.  Water  for  drinking  and 
£e  in  the  laboratories,  etc.,  is  obtained  from  a  6-inch  well  150  feet  deep  and 
omped  to  a  20,000-gallon  steel  tank  slung  under  the  100,000-gallon  wash-water 
ank. 

AdminietraUan  building. — This  is  an  attractive  concrete  building  with  a  base- 
lent  and  two  stories.  The  basement  contains  a  machine  shop,  storeroom,  and 
eating  plant.  The  first  Boot  contains  the  general  ofl3ces,  lunch  room,  and 
:>Llet8;  and  the  second  floor  is  given  over  to  laboratories  and  a  chemist's  oflice. 
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IV.  Canton,  Ohio 

Screens, — Sewage  is  discharged  at  the  treatment  plant  from  a  rectangular 
4-foot  by  18-inch  sewer  into  the  screen  chamber.  This  chamber  is  22  feet  long, 
6  feet  wide  at  the  inlet,  flaring  to  11  feet  wide  10  feet  from  the  inlet  and  retain- 
ing this  width  for  the  remaining  12  feet.  The  bottom  has  a  slope  of  one-half 
foot,  giving  depths  of  4  feet  and  4J4  feet  at  the  inlet  and  outlet,  respectively, 
the  inlet  being  level  with  the  main  sewer  discharging  into  it. 

At  a  point  6  feet  3  inches  from  the  inlet  an  18-inch  wall  divides  the  chamber 
into  two  flow  channels.  Each  channel  is,  therefore,  4  feet  9  inches  wide  by  15 
feet  9  inches  long.  Stop  planks  permit  diverting  the  sewage  into  either  or  both 
of  these  channels.  Each  channel  has  a  bar  screen,  one  with  a  clear  opening  of  1 
inch,  and  the  other  of  three-fourths  inch,  both  being  inclined  downstream  at  an 
angle  of  30^  to  the  horizontal.  Allowing  for  the  inset  into  grooves,  the  screens 
are  4  feet  113^  inches  wide  and  6  feet  8  inches  long.  They  are  cleaned  by  hand, 
the  screenings  being  raked  up  onto  a  platform. 

At  the  outlet  of  each  channel  is  a  measuring  weir  and  the  channels  are  connected 
to  a  chamber  in  which  a  float  actuates  a  recording  device  on  a  7-day  chart.  This 
recording  apparatus  is  similar  to  that  designed  at  the  Lawrence,  Mass.,  Experi- 
ment  Station. 

Grit  chambers. — The  screen  chambers  discharge  into  grit  chambers,  one  for  each 
screen.  These  are  40  feet  long  by  6  feet  wide  and  are  6  feet  8  inches  deep  over  alL 
Within  the  channels  are  hung  two  metal  baffles  or  vanes,  running  longitudinally, 
which  can  be  lowered  or  raised  by  lifting  rods,  thus  increasing  or  decreasing  the 
cross-section  of  the  flow  area  of  the  channeL  The  g^t  drops  through  a  slot 
between  the  vanes  into  a  storage  chamber.  This  design  gives  a  cross-sectional 
appearance  similar  to  an  Imhoff  tank,  except  that  the  baffles  do  not  overlap. 
Its  specific  advantage  is  to  maintain  a  constant  velocity  through  the  chamber  by 
varying  the  flow  section  with  the  volume  of  flow.  Up  to  the  present  no  use  has 
been  made  of  this  feature,  due  to  the  relatively  constant  voliune  of  flow. 

The  bottoms  of  the  chambers,  in  which  are  located  drain  pipes,  slope  both  ways 
on  a  5  per  cent  grade,  but  there  are  also  flat  false  bottoms  over  the  sloping  bottoms. 
This  arrangement  is  to  facilitate  drainage  when  the  chamber  is  ready  for  cleaning. 

Housing  for  screen  and  grit  chambers, — Both  the  screen  and  grit  chambers  are 
housed  in  a  substantial  brick  structure  which  is  vented  by  a  284nch  iron  stack  60 
to  70  feet  high.  This  stack  is  to  serve  abo  for  a  Morse  incinerator,  which  was 
about  to  be  installed  to  bum  screenings.  It  was  stated  that  the  stack  practi- 
cally eliminated  any  odor  nuisance  arising  from  the  screens  and  grit  chambers. 

Imhoff  tanks. — Leaving  the  grit  chambers  the  sewage  flows  into  a  flume  4  feet 
wide  and  3  feet  deep  to  the  Imhoff  tanks,  the  distance  from  the  outlet  of  the  grit 
chamber  to  the  inlet  of  the  nearest  tank  being  105  feet  and  the  total  length  211 
feet. 

There  are  6  Imhoff  tanks  in  all,  but  they  are  arranged  in  two  groups  of  3  tanks 
each.  By  changing  the  position  of  the  stop  planks  or  gates  at  the  inlet  and  outlet 
ends  the  sewage  may  be  made  to  pass  through  each  group  with  the  tanks  in  par* 
allel  or  in  series.  It  is  also  possible  to  reverse  the  order  of  the  two  outside  tanks 
in  each  series.    This  effects  the  same  results  as  reversing  the  direction  of  the  flow. 

Each  tank  is,  over  all,  24  feet  wide  by  89  feet  long  by  22  feet  1 J4  inches  deep. 
The  flow  chamber  is  divided  into  two  sections,  each  10  feet  wide,  separated  by  a 
central  gas  vent,  3  feet  clear  width,  running  the  entire  length  of  the  tank,  except 
for  sludge  wells  2  feet  by  3  feet  over  the  center  of  each  hopper.  This  vent  ia  cov- 
ered with  notched  2-inch  planks  except  where  concrete  walks  are  located.  An  8- 
inch  pipe  connects  the  two  channels  near  the  inlet,  thus  equalizing  head  over  the 
sludge  chamber. 
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Tbe  inlet  of  each  chamber  is  a  free  channel;  the  outlet,  which  becomes  the 
inlet  of  the  middle  tank  when  tanks  are  operated  in  series,  is  over  weirs,  two  weirs 
each  4  feet  8H  inches  wide  for  each  flow  section  of  each  tank.  Two  feet  from  the 
inlets  and  outlets  are  located  scum  boards,  consisting  of  2-inch  planks  laid  in  slots 
in  the  side  of  the  tank,  some  extending  down  1  foot  6  inches  below  the  flow  line. 
The  total  depth  of  the  flow  chamber  to  the  apex  of  the  slots  is  13  feet  4^ 
inches.  The  sides  of  the  flow  chamber  are  vertical  for  a  distance  of  7  feet  6  inches, 
where  tbey  slope  inward  at  a  1  to  1.175  slope,  or  an  angle  of  49|^^,  to  form  the 
bottom.  The  slot  at  the  bottom  has  a  minimum  perpendicular  opening  of  6 
inches. 

Over  the  center  of  each  of  the  6  hoppers  there  is  a  box  in  the  gas  vent  3  feet  long, 
2  feet  wide,  and  4}4  to  6  feet  deep,  according  to  the  position  of  the  tank  at  which 
they  are  located,  the  43^oot  box  being  at  the  outlet  end  and  the  6^oot  one  at  the 
inlet  end. 

The  capacity  of  each  flow  chamber  is  8,000  cubic  feet,  giving  a  total  of  720,000 
gallons  for  the  12  flow  chambers  of  the  tanks.  This  capacity  was  designed  to  give 
a  three-hour  detention  for  6  m.  g.  d. 

The  sludge  chamber  has  a  total  depth  of  7  feet  7  inches  from  the  overlap  of 
the  dot  to  the  bottom  of  the  hoppers.  The  hoppers,  of  which  there  are  6  for  each 
tank,  are  2  feet  9  inches  deep,  14  feet  square  at  the  top  and  18  inches  square  at 
the  bottom.  The  slope  of  the  bottom  is  therefore  about  2.3  to  1.  All  hoppers 
are  separated  by  walls  through  which  a  2  by  2  foot  opening  is  left,  the  bottom  of 
which  is  2  feet  above  the  top  of  the  hopper. 

From  each  hopper  an  8-inch  cast-iron  sludge  pipe,  with  an  8  by  14  inch  reducer 
as  the  inlet,  rises  to  the  sludge  wells,  already  described,  in  the  gas  vents.  Eight- 
inch,  extra  heavy,  galvanized,  wrought-iron  pipes  run  longitudinally  with  the 
tank  between  these  sludge  wells,  sloping  0.3  foot  in  14  feet.  The  riser  pipes  from 
the  hoppers  are  controlled  by  8-inch  plug  valves,  the  minimum  hydraulic  head 
over  the  valve  being  3  feet.  In  the  last  sludge  well  there  is  provided  an  8-inch 
sluice  gate  to  the  flow  channel  whereby  the  wrought-iron  sludge  line  can  be 
flushed  with  the  sewage  in  the  tank. 

To  facilitate  moving  sludge  from  the  hopper  a  three-fourths-inch  lead  water 
line  is  run  alongside  oi  and  to  the  bottom  of  the  sludge  pipe,  and,  in  addition, 
a  ll^inch  lead  line  with  one-eighth-inch  spray  holes  at  18-inch  centers  run 
around  the  hopper.  The  2-inch  feeder  line  is  laid  on  the  top  of  the  tank  and  is 
available  for  general  use  around  the  tanks.  The  sludge  compartment  of  each 
tank  has  a  ci^acity  below  the  overlap  of  the  slot  of  7,614  cubic  feet  or  about 
45,700  cubic  feet  for  the  six  tanks. 

C<miacl  beds. — ^The  eflluent  from  the  Imhoff  tanks  is  carried  in  an  effluent 
channel  4  feet  wide  by  3  feet  3  inches  deep  to  16  contact  beds.  These  beds  all 
have  an  area  of  one-half  acre,  but  are  not  all  of  the  same  shape.  The  eight 
nearest  the  Imhoff  tanks  are  all  83  feet  wide  by  221  feet  long.  The  remaining 
beds  become  wider  and  shorter  so  that  the  two  beds  farthest  from  the  tanks 
are  143  feet  wide  by  111  feet  long. 

The  filtering  matoial  consists  of  12  inches  of  crushed  slag,  IH  to  3  inch  size, 
orer  the  bottom  around  the  collecting  pipes,  above  which  there  is  a  5-foot  layer 
of  1  to  1)4  ii^^  emsbed  slag. 

The  main  distribating  flume  passes  through  the  center  of  the  installation, 
eight  beds  on  each  side  of  it.  The  flume  itself  is  4  feet  wide  and  about  2  feet 
deep  covered  with  a  4-inch  concrete  slab.  The  depth  varies  slightly  at  different 
places  aa  the  bottom  is  given  a  drop  of  0.2  foot. 

From  the  flume,  sewage  is  admitted  to  the  beds  through  distributing  chambers, 
Botrance  to  which  is  controlled  by  hand  operated  stop  plates  4  feet  wide.    The 
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distributing  chambere  vary  in  width  from  5  feet  4^  inches  to  8  feet  SH  u^^ 
as  the  width  of  the  bed  increases  from  83  feet  to  143  feet. 

The  distributing  ducts  are  5  feet  wide  by  2  feet  deep  by  60  feet  long.  The 
bottom  is  concrete  and  contains  12  inches  of  screened  clean  one-half  to  1  incb 
gravel.  The  outlet  to  the  beds  consists  of  6  by  6  inch  steel  bar  screens  with  oin* 
fourth-inch  clear  openings  set  in  the  sides  of  the  ducts  below  the  gravel  fill  and 
on  1  foot  11^  inch  centers.  At  the  termination  of  the  main  duct  the  aevage 
passes  over  a  weir  and  enters  an  18-inch  vitrified-tile  line  laid  with  looae  joints 
immediately  under  the  surface.  This  pipe  is  reduced  to  a  12-inch  line  at  a  pdiit 
one-quarter  of  the  length  of  the  distributing  pipes  from  the  end.  The  124ocb 
line  terminates  in  a  3-foot  diameter  manhole  which  extends  l}4  feet  below  the 
pipe  and  is  used  to  clean  out  deposits  washed  from  the  pipe.  The  g^ieral  kK&> 
tion  of  the  distributing  system  is  diagonally  across  the  bed. 

Around  the  main  5-foot  distributing  ducts  are  placed  18  inches  of  the  one-hdf 
to  1  inch  gravel,  and  around  the  jape  extension  of  the  duct  4  feet  of  the  same 
material. 

Along  one  side  of  the  duct  is  constructed  a  gravel  washing  shelf  2  feet  6  inches 
wide  and  6  to  12  inches  deep,  with  the  bottom  sloping  toward  the  duct,  and  the 
whole  shelf  sloping  toward  the  inlet  end  of  the  duct  where  is  located  a  44ndi 
cast^ron  pipe  to  take  the  wash  water  to  the  sludge  line  from  the  tank. 

In  operation,  the  beds  to  be  used  are  selected,  and  the  sewage  admitted  by 
lifting  the  stop  plates  between  the  main  distributing  flimie  and  the  distributb; 
duct.  When  the  bed  is  full  an  alarm  bell  is  rung  which  is  the  signal  for  dropping 
the  stop  plates. 

The  period  of  detention  and  discharge  of  the  beds  is  automatically  controlled  br 
a  16-inch  siphon,  actuated  by  a  timing  device.  The  siphon  is  set  in  a  concrete 
chamber  4}^  feet  by  4J^  feet  by  8  feet  4  inches  deep,  and  the  timing  deviee  m 
an  adjacent  connecting  chamber  4J^  by  2^  by  8  feet  4  Inches  deep. 

Sewage  is  received  at  the  siphon  chamber  through  the  collecting  trough  whidt; 
runs  longitudinally  down  the  center  of  the  bed.  This  trough  b  3  feet  wide  wiih  s 
depth  varying  from  7  inches  at  the  far  end  to  16  inches  at  the  siphon  end.  It » 
covered  by  loose-laid  concrete  slabs  and  the  far  end  is  vented.  Feeding  H^i 
main  trough,  6-inch  channel  pipes  with  loose  joints  but  plugged  ends  run  to  iM 
sides  of  the  beds.     These  lines  are  laid  on  12  to  13  foot  centers. 

The  siphons  discharge  into  a  main  collecting  gallery  which  is  located  directhj 
under  the  distributing  flume.     It  is  4  feet  wide  and  about  6>^  feet  de^. 

Main  atUlet  pipe. — The  collecting  gallery  empties  into  a  short  2  by  4  foot  float 
which  ends  in  a  manhole  from  which  a  36-inch  reinforced  concrete  pipe  leadfi  V 
a  check  valve  manhole  on  the  edge  of  the  creek.  The  outiet  from  this  manhole 
to  the  creek  is  through  a  36-inch  cast-iron  pipe. 

Sludge  disposal — ^At  the  time  of  inspection  there  were  six  especially  pr^ftaivJ 
sludge  beds  in  operation.  These  beds  were  of  similar  construction  except  tbit 
three  were  covered  with  glass  roofs  of  greenhouse  construction.  The  beds  «« 
all  150  feet  long  by  24  feet  wide,  giving  a  total  area  of  approximately  one-ltaS'' 
acre  of  which,  as  stated  above,  one-fourth  acre  is  under  glass. 

The  filtering  material  consists  of  one-half  to  1-inch  gravel  6  inches  deep  ^ 
the  center,  feathered  out  to  zero  at  the  sides,  by  the  slope  of  the  bottom.  Abort 
the  gravel  is  a  15-inch  layer  of  one-sixty-fourth  to  one-fourth  inch  sand.  T^ 
bottom  below  the  gravel  is  natural  ground.  It  is  claimed  that  the  ground  w»t9 
during  wet  weather  rises  in  the  sand,  interfering  with  drying.  To  remedy  tbi 
it  has  been  proposed  that  a  concrete  bottom  be  installed.  It  would  apptf 
however,  that  satisfactory  results  could  be  obtained  by  increasing  the  dq^tk  ^ 
the  filtering  material  and  installing  more  underdrains. 
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The  dudge  \a  applied  by  meana  of  a  gutter  extending  80  feet  over  the  bed. 
Tbit  gutter  is  12  inches  iride  by  9  inches  deep  and  constructed  of  2-iDch  planks. 
The  iludge  flows  by  gravity  from  the  tanks  in  a  12-tDch  cast-iron  pipe  to  the 
crater  of  the  sludge  bed  installation.  It  is  then  diverted  io  a  wooden  trough  12 
IncbM  wide  by  9  inches  deep,  and  is  discharged  onto  splash  plates  at  the  begin- 
ning and  end  of  the  trough  over  the  bed.  Temporary  low  plank  partition  walls 
lure  been  Installed  across  the  beds  dividing  them  in  halves. 

Tbe  underdrainage  of  the  beds  consists  of  a  single  S-inch  vitrifi«d-tile  line  down 
Jw  center  of  the  bed.  The  bottom  slopes  both  ways  toward  it  6  inches  in  12 
'eel.  The  6-inch  drains  all  empty  into  an  8-inch  cemented  joint  line  to  the  creek. 

For  cleaning  the  beds  a  narrow  gage,  24-inch  railroad  is  run  over  the  cent«r  of 
sffa  bed.  The  base  of  the  rails  Is  2^  feet  above  the  top  of  tbe  sand  in  the  bed. 
IFith  a  car  at  this  elevation  the  total  throw  from  the  beds  to  the  top  of  the  car 
« 5  to  6  feet,  which  is  too  high.  The  tracks  all  connect  by  turntables  to  a  lad- 
ler  tnek  to  tbe  riudge  dump. 

Ai  these  six  beds  are  not  adequate  to  property  take  care  of  the  sludge,  con- 
ideimble  amounts  have  been  logooned  in  hollows  and  spread  broadcast  over  the 
ud.  A  sludge  well  was  constructed  from  which  a  steam-duplex  batl-valved 
■ump  draws  suctiwi.  This  installation  has  been  used  to  pump  to  the  lagoons 
od  to  the  fidds  where  the  sludge  is  applied  with  a  hose. 

At  the  time  of  the  inspection  five  new  sludge  beds  were  being  prepared  to  which 
be  sludge  was  to  be  pumped.  These  beds  were  being  constructed  by  merely 
moving  the  top  soil,  leveling  and  diking,  the  natural  gravel  soil  being  relied 
pDD  to  give  sufficient  drainage  without  artificial  assistance.  These  five  new 
ed4  will  have  a  total  available  area  of  a  litUe  less  than  1  acre,  or  almost  twice 
bit  of  the  present  beds. 

All  sludge  dried  on  tbe  beds  or  lagooned  is  hauled  away  by  farmers  and  used  on 
eld*. 

Bf-pau. — There  is  only  one  point  at  which  it  is  possible  to  by-pasa  sewage 
iceiTed  at  the  plant  and  that  is  between  the  Imhoff  tanks  and  the  contact  beds. 
tit  by-pass  is  used  during  the  wint^  months,  tbe  beds  being  idle  during  that 
oiod  of  the  year. 

WoUt  Kupplj/. — Due  to  its  location,  city  water  is  not  available  at  the  plant. 
'ster  is  obtained  from  a  2Moot  drilled  well  pumped  by  a  standard  lift  pumping 
igbie  made  by  the  Standard  Pump  A  Engine  Co.,  of  Akron,  Ohio.  The  water  is 
unped  to  a  prvasure  tank  for  which  there  is  an  air  compressor.  A  4-horBepower 
u  engine  operates  the  pump. 

LahoratoiTf /acUaUt. — There  is  a  laboratory  located  at  the  plant  but  the  facfl- 
ics  for  work  and  equliHuent  are  inadequate  for  its  proper  functioning. 

RkoU  improfwmenb. — Since  the  survey.  It  has  been  reported  by  City  Engi- 
w,  W.  E.Barverthatthe  following  improvements  have  been  made:  (1)  A  t>oiler 
Kueeonstructed,  Mid  two  boilers  of  45  and  ISO  horsepower  installed  tl 

16-batt-valve  sludge  pump,  Wagner  type,  provided  for  pumping  wi 
ilda.  (3)  A  three-fourths  kilowatt  Delco  plant  installed  for  Ugh  Ungg 
lildin^  (4)  A  coal  mine  developed  on  property  adjacent  to  the  i 
td  been  punibaaed  to  settle  damage  claims. 

V.  CoLuifBDS,  Ohio 

All  sewage  received  at  the  treatment  plants  has  been  pumped,  some 
t  the  pumping  stsUons  it  is  passed  through  sand  catchers  and  b 
hese  have  been  described  in  detail  in  tbe  body  of  this  report  under  the 
tiie  Columbus  survey. 
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The  treatment  plant,  as  it  now  stands,  is  an  old  plant  rebuilt,  the  ehan^es  con- 
sisting  principally  in  converting  septic  tanks  into  Imhoff  tanks.  There  are  now 
three  sets  of  Imhoff  tanks,  the  most  northerly  one  nearest  the  inlet  being  called 
'* battery  A,''  the  middle  set  ''battery  B,''  and  the  third  or  most  soutboiy  set 
"battery  C." 

Entrance  chamber,  influeni  and  effluent  channels. — The  48-inch  force  main  to  tiie 
plant  enlarges  into  an  oval-shaped  covered  entranee  chamber  located  at  the  ceDtff 
of  the  north  end  of  the ''  A  *'  tanks.  This  chamber,  at  its  inlet,  is  5)^  feet  high  by 
10  feet  wide,  but  narrows  down  in  13  feet  to  5^  feet  in  dlamet^ ,  and  then  divutes 
into  two  5^foot  conduits  running  in  opposite  directions  along  the  north  end  of 
the  tanks.  These  conduits  can  be  controlled  by  stop  gates*  The  branch  runnifig 
westerly  is  reduced  at  once  to  24  inches  in  diameter  and  then  to  20  and  15  inches 
after  the  second  and  third  tank  inlets  have  been  passed.  The  easterly  branch  is 
continued  with  its  original  5H*foot  diameter  to  the  northeast  comer  of  the  ''A'' 
tanks  where  it  rises  into  an  open  channel,  6  feet  wide  by  4  feet  10  inohes  deep, 
which  follows  the  east  wall  of  the  ''A''  tanks  to  the  dividing  wall  between  iht 
*^A"  and  ''B''  tanks,  where  it  reduces  to  a  4>^-foot  width>  and  continues  down 
the  east  side  of  the  "  B ''  tanks. 

Where  the  reduction  in  width  takes  place,  there  is  an  opening  in  the  side,  5  feet 
wide,  controlled  by  stop  planks  through  which  sewage  is  fed  to  a  3-foot  diameter 
influent  conduit  to  the  ''A"  or  ''B"  tanks.  This  conduit  is  contained  in  the 
dividing  wall  between  these  two  sets  of  tanks,  and,  as  inlets  to  tanks  are  passed,  it 
reduces  in  size  to  a  final  15-inch  diameter. 

The  43^-foot  influent  channel  along  the  east  side  of  the  '*B"  tanks  reduces  to 
Syi  feet  at  the  dividing  wall  between  the  ''  B  "  tanks  and  ''  C  **  tanks,  where  thert 
is  a  connection  to  the  influent  conduit  to  the  "  B  **  and  "  C  "  tanks.  This  conduit 
is  a  duplicate  of  that  contained  in  the  wall  between  the  '' A''  and  ''  B "  tanks. 

The  33^-foot  influent  channel  continues  paralleling  the  east  wall  of  the  **C" 
tanks,  but  separated  from  them  by  a  tank  effluent  storage  basin,  to  the  south- 
east corner  of  this  basin  where  it  turns  along  the  south  end  of  this  basin  and  d 
the  "C"  tanks,  serving  as  either  influent  or  effluent  channel  for  these  tanks. 

The  influent  conduits  described  along  the  north  end  of  the  **  A"  tanks,  between 
the  '*A"  and  ''B"  tanks  and  between  the  *'B"  and  **C"  tanks,  feed,  through 
24-inch  sluice  gates,  influent  wells,  which  connect  to  channels  2  feet  10  inohes  to 
3  feet  wide  by  about  3  feet  5  inches  to  4  feet  10  inches  deep,  the  bottom  sloping. 
The  sewage  passes  into  the  tank  from  these  channels  or  from  the  tanks  into  than 
channels  over  8-foot  weirs,  two  for  each  tank. 

The  arrangement  at  the  south  end  of  the  **C**  tanks  is  the  same  as  for  the 
other  tanks  except  that  there  is  no  influent  conduit  or  influent  wells,  only  the 
channel  serving  either  for  influent  or  effluent  depending  upon  the  direction  of 
flow  in  the  tanks. 

The  main  effluent  channel  follows  the  east  side  of  the  tank  installation  betweeo 
the  tanks  and  the  main  influent  channel,  passing  over  the  influent  conduiu 
between  the  different  sets  of  tanks.  It  is  4  feet  2  inches  to  4  feet  10  inches  de«p, 
the  bottom  sloping,  by  3  feet  6  inches  to  6  feet  6  inches  wide,  the  width  increaozv 
as  more  tanks  feed  into  it.  This  channel  discharges  into  the  northeast  conxr 
of  the  tank  effluent  storage  basin.  The  channel  along  the  south  end  of  the  ''€' 
tanks,  when  used  for  effluent,  discharges  directly  into  the  main  effluent  channel 
to  the  filters. 

Imhoff  tanks. — In  all  there  are  22  tanks  of  this  type,  all  built  inside  of  the  septis 
tanks  that  composed  the  original  installation.  As  the  septic  tanks  were  not  tltf 
same  in  all  respects  the  Imhoff  tanks  made  from  them  differ.  They  are,  theveCoie. 
described  separately. 
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Tba  "A"  tanks,  of  which  there  si«  eight,  coiuititute  the  moHt  northerly  set. 
These  t*nks  are  the  double  flow-chamber  type,  a  central  gas  vent  extending  to 
within  &  to  9  feet  of  the  ends  of  the  tank.  The  over-all  inside  dimensions  are: 
Length,  140  feet  8  inches  from  weir  to  wvSx,  the  last  5  feet  on  one  end,  however, 
not  being  full  depth;  width,  26  feet  7  Inches;  depth,  27  feet  IH  Inches.  The 
owt  of  the  weirs  is  1  foot  6H  Inches  below  the  top  of  the  tank. 

Each  flow  chamber  is  II  feet  10^  inches  wide  by  16  feet  8  inches  deep  from  the 
top  of  the  tank  to  the  apex  of  the  slot.  One  side  and  the  gas  vents  are  veritcal 
for  7  feet  11)^  inches  below  the  top  of  the  tank  at  which  point  they  slope  in  on  a 

I  to  1.3  alope  to  an  S-inch  clear  opening  slot  with  a  KMnch  overlap.  The  other 
ade  is  tbe  wall  of  the  old  septic  tank.  It  is  vertical  for  2  feet  8  inches.  It  then 
slopes  f  n  OD  a  1  to  2^  slope  for  a  vertical  distance  of  8  feet  8  inches  to  the  bottom 
of  the  old  wall  and  Is  continued  from  here  on  a  1  to  1.3  slope  to  the  slot. 

Tbe  average  sewage  capacity  of  each  of  the  two  flow  chambers  from  the  crest 
of  the  weirs  to  tbe  apex  of  the  slot  is  118,000  gallons.  The  capacities  of  the  two 
Sow  chAmbeTB  differ  slightly  due  to  the  alope  on  the  old  end  waU,  but  this  differ- 
ence is  leea  than  1  per  cent. 

There  Kre  two  scum  boards  beyond  the  weirs  at  both  ends  of  the  tank,  one  3 
feet  2  Inches  distant  from  each  weir  and  the  other  two  19  feet  8  inches  and  21  feet 
diotaot  fnxD  the  weirs  at  opposite  ends  c^  the  tank.     These  extend  down  about 

II  incfaea  below  the  crest  of  tbe  weire.     There  are  no  other  baffles. 

Tttf  dlgestJoQ  chamber  extends  the  full  140  feet  8  inches  of  the  tank  length. 
It  la  14  feet  9  inches  wide  by  8  feet  10  inches  deep  from  the  slot  overlap  to  tbe 
bottom  of  the  hoppers.  The  space,  1  foot  7  inches  deep,  lying  between  the  apex 
of  the  slot  and  the  slot  overlap  is  not  Included. 

Hiere  are  seven  hoppers  each  18  feet  7  inches  long  by  14  feet  9  inches  wide  on 
the  top  and  1  foot  6  inches  square  on  the  bottom.  The  depth  is  4  feet  4  inches 
and  tbe  alope  ol  the  bottom  1.5  and  2  to  1. 

Over  the  ridge  between  each  hopper  there  is  a  dividing  wall  across  the  enUre 
jt^estion  otaamber  extending  to  the  top  of  the  gas  vents.  The  two  end  sections 
uid  tite  three  center  sections  are  connected  by  three  openings  3  feet  wide  by  2 
'eet  high  cut  In  these  walls,  but  these  openings  are  omitted  in  the  walls  between 
Lb»  aeoond  and  third  and  the  flfth  and  sixth  sections. 

Tbe  capacity  of  the  digestion  chamber  is  13,500  cubic  feet. 

The  central  gas  vent  is  2  feet  Q  Inches  wide,  inside  dimensions,  and  approxi- 
n*t«lr  125  feet  long,  tbe  two  sides  being  brought  together  to  form  points  at  each 

Each  hopper  has  an  S-inch  east-iron  sludge  pipe  riung  vertically  from  the  center 
if  emxb  to  tbe  top  of  the  gas  vent  where  it  is  capped.  Fou 
in  S-fncfa  borisontal  line  is  taken  off  at  a  Y  branch  and 
Ijviding  wall  between  each  set  of  two  tanks.  This  chan: 
r&ryiig  depth,  7  to  II  feet,  at  different  sections  of  the  tanl 
he  bottoms  being  on  a  minimum  slope  of  1.78  per  cent : 
ler  cent.  These  sludge  channels  in  tbe  dividing  wall  be 
Aine  type  discharge  into  a  collecting  channel  in  tbe  div 
ypea  of  tanks,  which  drain  to  a  soiall  sludge  control  chai 
>y  8  feet  wide,  from  which  two  sluice-gate  controUed  12-i 
o  the  channels  along  one  end  of  the  sludge  beds. 

"The  "  B  "  tanks,  of  which  there  are  eight,  lie  just  south  t 
he  exception  of  tbe  weir  to  weir  length,  which  is  126  feel 
e«;t  8  inches  for  the  "A"  tanks,  the  dimensions  are  almost 
lifference  oecuring  in  the  width  of  the  flow  channel  in  tw 
>e£iig  only  9  inches,  or  about  6  per  cent.    These  tanks  are 
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in  detail,  refeicQce  being  nude  to  the  deacription  of  the  "  A  "  t«nks  witb  notetloQ 
of  the  difference  in  length,  as  stated  above,  which  ia  taken  up  bj  the  omlssioi)  of 
one  hopper.  The  arrangement  of  the  influent  wells  ia  also  alightlj  dlffneot,  but 
not  such  as  to  affect  operation. 

Because  of  the  shorter  length,  however,  the  capacity  of  the  Sow  chamber  and 
that  of  the  digestion  chamber  is  leas  for  the  "B"  than  the  "A"  tanks,  the?  being, 
respectively,  108,000  gallons  and  11,700  cubic  feet. 

The  "C"  tanks,  of  which  there  are  six,  lie  south  of  the  "B"  tanks.  They  an 
almost  identically  the  same  as  the  "  B"  tanks,  the  main  difference  being  in  the 
weir  to  weir  length  of  117  feet  10  inches,  or  18  Inches  more  than  the  type  "B" 
tanks.  This  18  inches  is  distributed  amoog  the  six  hoppers,  3  inches  to  each.  Hie 
majority  of  the  flow  chambers  are  12  feet  lOJ^  incbee  wide;  2  of  the  12  an, 
however,  13  feet  7i^  inches,  h  difference  of  9  Inches,  or  about  6  per  cent. 

Thecapscity  of  the  flow  chamber  is  about  109,000gallons,  and  that  of  the  diges- 
tion chamber  11,800  cubic  feet. 

Drains  are  provided  for  all  influent  wells.  These  connect  to  18  by  18  inch  lank 
drains,  by  which  the  tanks  can  be  drawn  down  to  the  bottom  of  the  flow  chamber*. 
The  inlets  to  these  drains  are  controlled  by  sluice  gates,  and  thej'  discharge  Into  • 
large  blow-off  conduit  to  the  river. 

Tank  effluent  ttcrage  basin. — This  badn  lies  on  the  east  side  of  the  "C"  taakf, 
occupying  a  space  equivalent  to  two  Imhoff  tanks.  It  Is  a  large  effluent  wtS 
into  which  all  the  Imhoff  tank  efliuents  are  received  and  passed  on  to  the  filters. 

The  over-all  inside  dimensions  of  this  tank  are:  Length,  126  feet  6  inchwi 
width,  56  feet  9  inches;  depth,  G  feet  11}^  inches,  sloping  to  8  feet  6^  inches. 

The  bottom  consists  of  two  rows  of  five  hoppers,  each  2  feet  6  inches  deep  and 
28  feet  by  25  feet  to  28  feet  fi  inches  by  25  feet  4  inches  on  the  top.  From  the 
center  of  these  hoppers,  24-inch  diameter  openings  outlet  into  effluent  conduits 
under  the  center  of  each  row  of  hoppers.  These  conduits  Increaae  In  dlametv 
from  2  feet  6  inches  at  the  most  northerly,  or  first  hopper,  to  4  feet  at  the  fourth 
hopper.  They  retain  this  diameter  to  the  south  wall,  which  contains  a  &4oot 
6-Inch  main  effluent  conduit  into  which  they  discharge  and  which  leads  to  the 
trickling  Alter  control  house. 

Control  house  for  Iriekling  fiUers.^-The  6-foot  &4nch  effluent  channd  from  tbt 
tank  effluent  storage  basin  passes  under  the  filters  to  the  control  house.  This  it 
a  two-etory  circular  brick  building  built  over  the  distributing  and  eolleetXng  wdb. 
All  control  valves  are  on  the  first  fioor,  the  second  bdng  used  tor  laborstoi; 
offices,  toilets,  etc.  I 

The  construction  under  the  building  consists  of  three  ooncentrlc  wells,  21  ' 
feet  3  to  9  inches  deep.  The  tank  effluent  flows  Into  the  oenter  well,  which  ic15 
feet  in  diameter.  As  this  Gils  the  d 
the  operating  floor.  When  the  propt 
gates  are  opened  by  hand  on 
gate  is  9  feet  9  Inches  below  an  overflt  I 
side  well.  There  is  thus  an  available  ^ 
filter  surface  level,  of  about  13,000  gf 

The  outlet  sluice  gates  are  left  op(  I 
the  bottom  of  the  gat«a,  when  they  ai  I 
well,  which  is  an  annular  ring  3  feet  vA 
well  is  the  distributing  well,  feeding} 
gates.  These  chambers  are  located  i  . 
main  distributors  lead  to  the  tricklinj  I 
however,  only  eight  filter  unite  a: 
tion  the  24  by  36  Inch  gates  from  the  I 
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ton  ire  left  open  all  the  time,  and  control  is  maintained  by  the  two  42  by  42  inch 
pttcitrom  the  influent  well  to  the  distributing  well. 

Tfaft  distributing  well  is  also  connected  through  sin  24-inch  sluice-gat«-con- 
tivlled  pipes  to  the  receiving  chambers  of  the  filter-collecting  syetem,  one  chamber 
for  each  two  filter  units.  These  chambers  discharge  into  the  main  effluent  well. 
The  effluent  well  is  an  aoDular  ring  4  feet  wide  around  the  distributing  well. 
The  distributing  chambers,  described  above,  are  contained  in  the  upper  part  of 
this  well,  leaving  a  space  8  feet  2  to  4  inches  deep  below  them  for  the  filter  effluent. 
The  main  collecting  drains  from  the  filters  diecliarge  into  chambem  lying  just 
outside  this  well,  each  chamber  serving  two  fill«rs,  and  tbeee  chambers  outlet 
into  the  effluent  well  through  24  by  36  inch  sluice  gates.  The  effluent  well 
discharges  through  a  66-inch  conduit  to  the  Scioto  River. 

Tndding  filUrt. — There  are  eight  trickling'filter  units  of  1^  acres  each.  They 
are  arranged  in  four  equilateral  triangles,  radiating  from  the  control  house  with 
a  common  apex  at  its  center.  Each  triangle  contiuns  two  filters,  though  there  is 
DO  dividing  wall  between  the  two. 

An  individual  unit  is  therefore  a  right  triangle  with  a  base  252  feet  7  inches  and 
an  altitude  of  437  feet  5  inches,  the  control  house  occupying  19  feet  at  the  apex. 
The  filtering  material  is  crushed  limestone.  All  filters  have  10  inches  of  3  to  4 
inch  stone  at  the  bottom  around  the  underdrains,  and  4  feet  6  inchee  of  1^  to  3 
or  1  to  3  inch  stone  above  the  lO-incb  layer.  One-half  of  the  filters  have  the  I^ 
to  3  inch  stone  and  the  other  half  the  1  to  3  inch.  These  are  the  specified  sizes, 
but  much  of  the  surface  atone  has  disintegrated  so  that  there  is  oonsiderable 
small  stone  at  or  near  the  surface. 

The  main  disUibutor,  30  inches  in  diameter,  runs  through  the  filtering  material 
from  tb«  control  house  to  the  middle  point  of  the  base  of  the  triangle  containing 
the  filter.  Here  is  provided  a  connection  to  a  10-incb  water  main  for  flushing, 
Sime  few  risers  are  taken  directly  from  this  main  distributor,  but  the  majority 
are  on  5  and  6  inch  laterals,  which  are  taken  off  the  main  distributor  on  13-foot 
3}^nch  centers  and  run  parallel  to  the  base  of  the  filter.  The  laterals  are  terra- 
cotta pipe  encased  in  concrete  and  lie  about  3  feet  6  inches  below  the  surface  of 

the  filter.     The  risers  are  3-iach  cast  iron.     Originally  t)"-  ■i<mi««    rni..mh,.. 

type,  were  screwed  into  the  risers,  but  these  are  being  rep 

Columbus  nozzle,  which  fits  on  the  riser  with  a  quarter  1 

ittemselves  the  nozzles  are  spaced  on  15-foot  4-incb  centers, 

laterals  to  give  a  uniform  spacicig  betwceu  all  nozzles. 

The  main  collectors  start  at  the  base  of  the  filter,  one- 
each  end.     These  have  12-ioFh  radius  semicircular  botton 

fltxir.     One  runs  perpendicular  to  the  base  and  the  other  par 

side  of  the  filter,  so  that  they  meet  at  a  manhole  at  the  cent 

this  manhole  an  18-inch  radius  drain  leads  to  a  manhoh 

between  two  filters,  about  53  feet  from  the  control  bouse. 

ing  drain  from  the  other  filter  is  also  received  and  the  twi 

control  house  in  two  parallel  drains  of  the  same  size  as  th 

hole — that  is,  tS-Jnch  semicircular  bottom.     The  depth  c 

because  of  the  slope  they  maintain,  the  least  depth  at  th 

drain  bong  18  inches  and  the  maximum  depth  of  the  13-i] 

ctit«r  the  control  house  being  2  feet  3  inches.     The  drains  t 

Crete  slabs  resting  on  the  lateral  underdrains.     At  the  en 

coDecton  water  connections  for  flushing  are  provided. 
The  lateral  ooUcctors  are  O-inch  half-round  tile  of  special 

Lbe  entire  bottom  of  the  filter  parallel  to  the  base  and  on  S*^ 

ToUow  the  slope  of  iha  bottoms,  1.62  per  cent,  in  both  dir 

bbemjua  eolleotora. 
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Secondary  sedimentation  tanks. — Two  secondary  sedimentation  tanks  were  in- 
cluded in  the  original  installation.  These  are  ll^i  feet  deep,  but  only  4}4  feet 
is  available  for  sewage.  In  plan  they  are  307  feet  wide  on  the  top,  the  sides  slop- 
ing on  a  1  to  3  slope  to  a  bottom  width  of  247  feet,  by  240  feet  long  at  one  side 
and  340  feet  at  the  other.  The  inlet  is  through  fifteen  21-inch  vitrifi^  pipes  from 
a  branch  of  the  main  effluent  conduit  to  the  river,  and  the  outlet  is  over  a  weir 
at  one  comer.  Only  the  bottom  is  concreted,  the  sides  bdng  natural  ground. 
One  of  these  basins  has  been  materially  modified.  The  changes  are  not  given 
here,  as  difficulties  in  cleaning  interfered  with  their  normal  operation  to  such  an 
extent  that  they  are  no  longer  used,  the  filter  effluent  passing  by  them  direct  to 
the  river. 

Sludge  heda. — There  are  8  beds  each  41  feet  6  inches  wide  by  195  to  315  feet 
long,  4  having  the  full  length  of  315  feet.  The  total  area  is  slightly  less  than  2 
acres.  Each  bed  has  two  narrow-gage  tracks  on  10-foot  AyiAnoh  cent^«,  the 
base  of  the  rails  being  laid  flush  with  the  surface  of  the  bed. 

The  bottoms  are  laid  on  a  3  per  cent  slope  from  the  center  and  two  sides  to 
two  3-inch  tile  drains  laid  on  a  1  per  cent  slope  in  the  channels.  They  discharge 
into  two  8-inch  drains  which  run  across  the  beds  one-quarter  distance  from  each 
end  and  lead  to  the  trickling  filter  collecting  system. 

The  filtering  material  consists  of  1  inch  of  sand,  2  inches  of  one-eirteenth  to 
one-fourth  inch  stone,  2  inches  of  one-fourth  to  three^ourtha  inch  and  3  to  7 
inches  of  three-fourths  to  2  inch  stone. 

The  sludge  is  discharged  onto  splash  plates  at  one  end  c^  the  beds.  In  clean* 
ing,  cars  are  run  onto  the  beds  by  a  gasoline  locomotive  and  hauled  away  when 
loaded  to  a  dump  on  the  inside  of  a  levee  along  the  Scioto  River. 

Laboratory  facUiHee. — As  already  stated  the  laboratory  is  located  on  the  second 
floor  of  the  control  house.  The  laboratory  rooms  are  adequate,  with  ample 
equipment  for  all  necessary  work. 

VI.  FiTCHBURQ,  Mass. 

Sewage  treatment  at  Fitchburg,  Mass.,  starts  before  the  sewage  reaches  the 
treatment  plant  proper.  The  main  interceptor  carrying  the  bulk  of  the  city's 
sewage  discharges  into  grit  chambers  located  somewhat  over  a  mile  from  the 
plant. 

Main  grit  chambers, — ^This  installation  originally  consisted  of  one  chamber  18 
feet  wide  by  53  feet  9  inches  long!  The  extreme  width  of  18  feet  obtained  for 
only  about  one-third  of  the  length,  the  sides  contracting  toward  the  inlet  and 
outlet.  The  bottom  was  nearly  flat,  except  at  the  center,  where  there  was  a  V 
trough  with  its  bottom  opening  into  a  storage  chamber  31  feet  6  inches  long,  8 
feet  wide,  and  about  8  feet  deep.  This  was  cleaned  through  manholes,  the 
supernatant  liquor  being  pumped  out  by  a  4-inch  centrifugal  pump. 

Since  installed,  this  chamber  has  been  modified  by  a  central  partition  wall 
dividing  the  large  channel  into  two  smaller  ones.  By  inserting  new  end  walk 
with  gates  the  total  length  of  the  grit  chambers  proper  are  reduced,  the  constricted 
inlet  and  outlet  channels  being  used  in  conmion  by  the  two  new  chambers.  By 
this  arrangement  one  chamber  can  be  cleaned  while  the  other  is  in  use. 

Siphon. — From  the  grit  chamber  the  sewage  passes  through  a  48-inch  sewo  to 
the  siphon  entrance,  a  distance  of  about  one-third  of  a  mile.  This  siphoo, 
inverted  type,  consists  of  a  30-inch  cast-iron  pipe  approximately  1  mile  long^ 

At  the  entrance  chamber  to  the  siphon  is  located  an  inclined  bar  screen  with 
IJ^-inch  openings.     This  is  cleaned  by  hand  twice  a  day. 

Low-level  pump  station, — The  sewage  system  of  South  Fitchburg  is  too  low  to 
enter  the  inverted  siphon  by  gravity.  It  is,  therefore,  collected  at  a  point  ot 
the  siphon  about  one-quarter  mile  from  the  treatment  plant  and  pumped  intt^ 
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the  riphoD.  Before  reaching  the  suction  of  the  pumps,  the  sewage  first  passes 
through  a  bar  screea  with  three-fourth-iuch  openings  and  then  over  a  aump, 
which  serves  as  a  grit  chamber. 

The  pumping  equipment  Gonsists  of  two  4-lnch  American  Well  Works  centri- 
fugal pumps,  shaft  connected  with  flexible  joint  to  two  lO-horsepower  Western 
Electric  motora.  They  operate  automatJcaily  by  float-coDtrolled  starting  and 
■topping  devices,  and  pump  against  a  head  of  about  65  feet.  One  pump  is  in 
operation  practioally  continuously,  the  other  being  thrown  into  service  only 
when  the  flow  exceeds  the  capacity  of  the  one  in  use. 

Meaturing  dtvice. — The  30-iuch  siphon  discharges  through  a  30  by  16  inch 
Integrating  recording  Venturi  meter. 

Inthoff  lanki. — Primary  sedimentation  takes  place  in  five  Imhoff  tanks.  These 
receive  the  sewage  direct  from  the  Venturi  meter  and  under  the  residual  pressure 
from  the  inverted  siphon.  The  inlet  conduit  is  a  30-inch  pipe  with  three  12-incb 
sluice-gate  openings  into  the  flow  chamber  of  each  tank.  Both  ends  of  the  tank 
are  identical,  thus  permitting  the  reversal  of  the  direction  of  the  flow  in  the  tanks. 
The  outlet  channels,  one  at  each  end  of  the  tanks,  are  3  feet  6  inches  wide  by 
4  feet  deep.  They  receive  the  sewage  over  outlet  weirs  extending  over  all  except 
three  l&-inch  sections  on  each  tank  and  discbarge  into  the  trickling  filter  dosing 
tanks. 

At  the  time  of  inspection,  June,  1020,  four  tanks  were  b^g  used  r^ularly  as 
■edlmentation  tanks;  the  fifth  was  reserved  largely  for  digestion  of  sludge  from 
the  secondary  tanks,  being,  however,  used  as  a  primary  tank  if  one  of  the  other 
four  had  to  be  thrown  out  of  service. 

The  tanks  themselves  are  90  feet  long,  30  feet  wide,  with  a  total  depth  erf  2fi  feet 
11  inches.  The  flow  line  is  about  1^  feet  below  the  top  of  the  tank,  the  exact 
distance  being  determined  by  the  elevation  of  the  adjustable  outlet  weirs. 

The  flow  chamber  proper  is  26  feet  wide  by  00  feet  long.  The  sides  are  vertical 
for  a  depth  of  8  feet  6  inches  where  they  start  to  slope  inward  on  a  1  to  IJi  slope 
to  form  the  bottom  and  traps.  The  bottom  of  the  chamber  is  of  a  saw-tooth 
shape,  there  being  two  inverted  V  partitions  dividing  the  lower  sections  of  the 
tank  Into  tiiree  channels  averaging  8  feet  8  inches  wide  at  the  top.  The' two 
Inverted  V  partitions  form  with  each  other  and  with  the  two  slo[ring  sides  three 
olota,  one  at  the  bottom  of  each  channel.  These  slots  have  a  slant  opening  of 
6  inches,  or  a  horizontal  opening  of  a  little  over  6^  inches,  and  a  trap  overlap 
erf  3  inches. 

The  bottom  as  well  as  the  gas  chimneys  were  constructed  of  rib  metal  r«nf  orc- 
icg  lath  plastered  with  2  inches  of  1 : 2  concrete.     This  construction  has  not  proved 
^tisfactory.     Several  chimneys  have  failed  and  had  to  be  replaced,  the  replao»- 
mects  being  <rf  plastered  brick  construction,  and  the  botta 
between  point«  of  support,  causing  the  slots  to  be  uneven 
Two  gas  vents,  each  2  feet  wide,  run  the  entire  length 
sides.     In  addition  there  are  six  chimney  vents  2  feet  widi 
lug  the  two  Inverted  V's  at  three  point*  directly  over  th 
aludgs  hoppers.     The  area  of  all  vents  is  17  per  cent  of  the 
There  are  scum  boards  at  each  end  extending  down  at 
lj«flVi      Each  flow  chamber  has  an  available  capacity  i 
feet  <»■  180,000  gallons. 

The  main  walls  of  the  tank  are  vertical  for  a  distance  of 
tbe  bottom  hoppers  start.  There  are  three  square  hoppen 
by  30  feet  in  plan  at  the  top,  sloping  down  7  feet  6  inciies  i 
bottoBi.  There  are  no  partitions  or  baffles  betweea  the  h 
Each  hopper  has  an  8-inch  cast-iron  sludge  outlet  pipe 
[lixectly  owkr  the  center  of  one  of  tlie  gas  vents.     This 
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transverse  section,  but  over  the  center  in  the  longitudinal  section.  Eight  and  a 
half  feet  above  the  tank  it  connects  with  a  104nch  horiaontal  riveted  steel  pipe 
through  which  it  flows  by  gravity  to  the  sludge  beds.  As  the  sludge  beds  are 
at  a  higher  elevation  than  the  surface  of  the  sewage  in  the  tank,  it  is  necessary 
to  lift  the  sludge  to  the  beds.  This  i§  done  by  an  air  lift,  the  air  being  furnished 
through  a  2-inch  line  entering  the  sludge  pipe  about  6  feet  from  its  foot,  by  a 
Rix  Gardner  Air  Compressor  No.  XDSO,  belt  connected  to  a  lO-horsepower 
Westinghouse  motor.  This  installation  is  located  in  the  basement  of  the  ad- 
ministration and  laboratory  building. 

No  water  connections  have  been  provided  to  the  hoppers.  Below  the  overlap 
of  the  slots  there  is  a  total  sludge  digestion  space  of  13,000  cubic  feet. 

Siphon  dosing  tanks, — The  effluent  from  the  Imfaoflf  tanks  is  discharged  into 
the  trickling  filter  dosing  tanks.  These  tanks  are  arranged  to  receive  and  dis- 
charge alternately  and  are  operated  by  air  controlled  Merritt  automatic  alter* 
nating  30-inch  siphons. 

The  tanks  in  plan  at  the  fuU-water  level  are  each  32  feet  2^  inches  by  S5 
feet  3?^  inches.  Three  sides  of  each  tank  are  v^ioal  construction  whOe  the 
fourth  side  combined  with  the  bottom  of  the  tank  is  irregular  in  shape,  so  de- 
signed as  to  create  a  uniform  distribution  of  sewage  over  all  portions  of  the 
filter.  The  total  capacity  of  No.  1  tank  is  53,765  gallons  of  which  47,161  gaUozM 
are  discharged.  The  capacity  of  No.  2  tank  is  57,814  gallons  of  which  50,391 
gallons  are  discharged.  The  difference  in  capacity  is  due  to  the  fact  that  the 
inlet  weir  of  No.  2  tank  is  0.47  of  a  foot  higher  than  the  inlet  weir  of  No.  1  tank. 

Trickling  filter, — From  the  dosing  tanks  the  sewage  flows  through  a  36-inch 
cast-iron  pipe  to  the  trickling  filter.  This  filter  is  rectangular  with  an  ^ectSve 
area  405  by  223  feet  or  2.1  acres. 

The  distributors  run  lengthwise  with  the  filters  spaced  on  13-foot  centers,  and 
consist  of  17  lines  of  16-inch  cast4ron  pipe  which  are  reduced  to  12-inch  over  the 
extreme  half  of  the  filter.  These  distributors  supported  entirely  by  the  filtering 
stone  are  laid  at  or  just  below  the  suriace  so  that  the  nozzles  are  screwed  directly 
into  them  and  all  risers  thus  eliminated.  Each  line  is  controlled  by  a  separate 
14-inch  gate  valve,  making  it  possible  to  throw  out  of  service  any  individual  tine 
without  affecting  the  others.  Inspection  hatches  ta^  provided  at  each  end  of 
each  line  and  at  the  reducers.  There  is  a  6-inch  blow-off  valve  at  the  extreme 
end  of  each  line  for  flushing  purposes. 

There  are  467  filter  nozzles  spaced  every  15  feet  on  the  distributors  and  stag- 
gered  on  alternate  lines.     The  nozzle  used  is  the  modified  Worcester  type. 

The  drainage  system  on  the  filter  bottom  consists  of  troughs  or  channels  hav* 
ing  11-inch  top  width  and  3-inch  depths.  They  are  spaced  15  inches  center  to 
center,  which  gives  4-inch  flat  ridges  between  them.  The  channels  slope  from 
the  central  gallery  (see  below)  toward  the  sides,  at  a  grade  of  6  inches  in  106  fee^ 
and  discharge  into  two  effluent  channels,  one  of  which  is  21  and  the  other  30 
inches,  the  latter  being  used  also  as  a  by-pass  conduit.  Both  discharge  into  a 
304nch  conduit  to  the  secondary  sedimentation  tanks. 

Above  the  channels,  resting  on  the  ridges,  are  laid  concrete  blocks,  17  inches 
long,  IH  inches  thick,  and  4  inches  deep.  The  blocks  on  adjacent  chann^  thus 
overlap  2  inches  on  each  ridge.  This  construction  gives  about  33  per  cent  air 
space.  Over  the  blocks  is  laid  a  layer  of  3-inch  cobblestones,  and  over  these  10 
feet  of  1  to  2  inch  broken  tri^  and  granite  rock. 

Through  the  longitudinal  center  of  the  filter  is  located  a  flushing  gallery  4  feet 
wide  and  6  feet  high,  inside  dimensions,  with  a  horseshoe-shaped  arch  roof. 
The  bottom  is  2  feet  5  inches  below  the  filter  bottom,  and  the  top  is  covered  by 
6  feet  7  inches  of  filter  stone.  All  the  grooves  of  the  filter  bottom  open  into  and 
slope  away  from  this  gallery.    From  it,  therefore,  ready  inspection  can  be  made 
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of  tbe  drftfnftge  system.  A  6-iiich  water  connectloii  to  tb«  guJlerr  tf  ords  ample 
Sushing  facilities  for  cleaning  the  underdrains.  Any  stoppage  In  A  drain  is  St 
oDce  evidenced  by  back  flow  ioto  the  gallery. 

Secondary  tedimeniaiion  tanks. — A  30-inch  concrete  conduit  cairiea  tbe  effluent 
from  the  filters  to  the  secondary  tanics.  This  conduit  is  provided  with  an  over- 
sow •vai  26  feet  long,  with  its  creet  10  inches  above  the  wdrs  on  the  secondary 
tanks  and  8  inches  below  the  top  of  these  tanks.  Thus  any  possible  danger 
of  flooding  tbe  tanks  Is  elinunated. 

The  secondary  sedimentation  tank  installation  consists  of  four  circular  tanks 
of  the  Dortmund  type.  They  have  an  inside  diameter  of  30  feet  and  a  total 
depth  of  24  feet,  of  which  14  feet  9  inches  is  vertical  and  9  feet  3  inches  is  in  the 
hopper  bottom.  The  flow  line  or  crest  of  the  outlet  weira  is  18  inches  below  the 
top  of  the  tank. 

The  Sewage  la  carried  to  the  center  of  the  tank  in  a  16-inch  spiral  riveted  pipe 
and  discharged  into  a  vertical  i»pe  made  of  K-inch  boiler  plate,  6  feet  in  di- 
ameter and  12  feet  long.  The  point  of  discbarge  of  tliis  pipe  Is  12  feet  4  inches 
below  the  top  of  the  tank  or  10  feet  10  inches  below  the  flow  line.  From  there 
the  icwage  Sows  upward  and  outward  radially  to  twenty-four  2-foot  outlet  weirs 
on  the  effluent  collecting  channel,  which  ia  located  within  and  at  the  outer 
dreumferenco  of  the  tank.  From  this  the  effluent  flows  down  a  flight  of  concrete 
stepH  to  the  final  effluent  channel  to  the  river. 

The  hopper,  which  underlies  tbe  entire  tank,  is  30  feet  in  diameter  at  the  top 
and  2  feet  3  inches  at  the  bottom.     The  sides  have  a  slope  of  1.4  to  1. 

The  sludge  from  these  tanks  is  pumped  into  an  Imhoff  tank  used  as  a  digestion 
tank  for  this  sludge.  The  outlet  sludge  pipes,  which  are  &-lnch  cast  iron,  run 
to  a  small  pump  house  located  close  to  tbe  tanks.  The  pump,  a  4^inch  Epping- 
C&rpenter  cenirifugal,  shaft  connected  to  a  l&-haisepower  Westlnghouse  motor, 
draws  direct  from  any  of  the  tank  hoppers  through  a  short  suction  into  which 
all  the  sludge  lines  are  connected  but  separated  by  gate  vsives. 

The  sewage  inlet  flume  to  the  tanks  acts  as  an  inlet  scum  board.  There  are 
no  other  baffles  of  any  nature  in  the  tank. 

He  total  capacity  of  each  tank  is  12,750  cubic  feet.  The  capacity  from  the 
flow  line  to  tbe  bottom  of  the  vertical  inlet  flume  is  7,600  cubic  feet  or  S7,000 
gallons.  This  figure  probably  represents  fairly  closely  the  settling  capacity  of 
tbe  tank.  The  remainder  of  the  tank  has  3,990  cubic  feet,  of  which  2,280  cubic 
feet  are  in  the  hopper  itself. 

Sludge  btdt. — The  original  plant  included  11  sludge  beds,  each 
111  feet  long,  giving  an  area  of  about  0.42  acre.  These  are  lot 
the  Imhoff  tanks  but  about  3  feet  higher  in  elevation.  Th 
consist  of  2  by  12  inch  plank.  The  bed  itself  consists  of  6  to 
having  an  effective  size  of  0.16  mm.  and  a  uniformity  coefficiei 
10.  No  underdrshinage  is  provided  because  of  the  porous  nstu: 
soil.  Each  bed  has  a  narrow-gage  track,  with  ties  laid  flush 
of  the  sand.  As  these  beds  have  proved  inadequate  use  is  m 
lying  ares  near  the  plant  for  disposal  of  sludge  by  lagooning.  T1 
as  beds  Nos.  12  and  13,  and  contains  about  2  acres. 

Administration  butUtny . — This  building  is  of  attractive  brick  < 
nsting  of  a  main  floor  and  basement,  which,  however,  has  a  grou 
at  the  rear.  The  main  floor  contains  the  oflice  and  a  chemica 
logical  laboratory.  Both  are  well  equipped  and  in  the  hands 
laboratory  man,  who  is  in  charge  of  the  operation  of  the  plant, 
contains  a  pump  room  for  the  sludge  air  lift,  a  locker  room  ^ 
tdlet  facilities  for  the  men,  and  general  storage  space. 
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By-paaaet  and  overflows* — The  main  by-pass  fat  the  entire  plant  is  the  Uov- 
off  vidve  on  the  inverted  siphon  where  it  crosses  under  the  river.  Even  after 
passing  through  the  meter  at  the  plant  the  sewage  can  be  by^>afi8ed.  The 
effluent  from  the  Imhoff  tanks  can  be  sent  around  {he  filters,  and  there  is  an 
overflow  in  the  siphon  chamber  to  take  care  of  excessive  flows.  The  efflueot 
channel  from  the  filtors  to  the  secondary  tanks  has  an  overflow  weir,  by  which 
it  would  be  feasible  to  by-pass  the  secondary  tanks. 

VII.  Houston,  Tbx. 

A.    NORTH   SIDB   PLANT 

Treatment  of  sewage  tributary  to  the  north  side  plant  at  Houston  starts 
before  it  reaches  the  plant.  The  WiUow  Street  pumping  station,  located  in 
the  center  of  the  city,  receives  sewage  from  sewers  high  enough  to  discharge  by 
gravity  and  also  from  three  sections  served  by  pumps.  For  one  of  these  sectiottfi 
a  250-gallon  Simplex  ejector  was  being  installed  in  August,  1920,  to  take  the  flow 
from  a  relatively  small  area.  The  other  two  areas  are  larger;  one  is  served  by 
two  4-inch  Swaby  centrifugal  pumps,  which  operate  intermittently,  emptying 
a  15,000-gallon  collection  well.  At  this  station  the  sewage  is  made  to  pass  a 
screen  with  one-half  inch  clear  openings  as  a  protection  for  the  pump.  The 
third  station  has  a  5-inch  Buffido  centrifugal  pump  operating  continuously, 
with  a  500-gallon  Simplex  ejector  to  take  peak  loads.  The  pump  at  this  station 
also  is  protected  by  a  screen. 

At  the  Willow  Street  pumping  station  the  sewage  is  passed  through  screens 
and  grit  chambers  and  pumped  by  three  16-inch  Gould  centrifugal  pumps  to  a 
42-inch  circular  sewer  to  the  treatment  plant. 

Screens, — Sewage  enters  the  pumping  station  through  a  364nch  gravity  sewer 
which  discharges  into  a  manhole  6  by  8  by  10  feet  deep.  From  this  it  can  be 
by-passed  direct  to  White  Oaks  Bayou  or  discharged  through  a  short  3  by  3 
foot  connection  into  the  screen  chamber,  which  is  16  feet  long,  6  feet  wide,  and 
6}i  to  7  feet  deep.  The  screen  itself,  made  of  one-half  by  2H  inch  bars  with 
1-inch  clear  openings,  spans  the  entire  width  of  6  feet  and  is  10  feet  5^  inches 
long,  inclined  downstream  at  an  angle  of  about  18^  to  the  horizontal.  Cleaning 
is  done  by  hand,  the  screenings  being  raked  to  a  concrete  platform  at  the  top, 
from  which  they  are  carted  to  the  city  garbage  incinerator  near  by  and  burned. 

On  one  side  of  the  screen  there  is  an  adjustable  weir  over  which  sewage  ij 
by-passed  to  an  overflow  chamber  when  the  head  on  the  screen  is  about  3  feet 
This  chamber  is  10  feet  long,  2  to  3  feet  wide,  and  3M  sloping  to  4yi  feet  deep. 
It  discharges  through  a  24-inch  pipe  to  White  Oak  Bayou. 

GrU  chambers, — The  screen  chamber  widens  at  its  outlet  into  the  grit  chain- 
bers,  of  which  there  are  two,  each  controlled  by  handwheel-operated  sluice  gates 
at  both  ends. 

The  chambers  are  60  feet  long  by  6  feet  wide.  The  bottom  is  constructed 
with  three  hoppers  9  inches  deep,  giving  a  total  depth  of  4  feet  9  inches  at  the 
top  of  the  hoppers  and  5  feet  6  inches  at  the  bottom.  From  the  bottom  of  each 
hopper  an  8-inch  pipe,  controlled  by  a  mud  valve,  connects  through  two  10  and 
a  12  inch  pipe  to  White  Oak  Bayou.  It  is  through  these  pipes  that  the  cbamben 
are  cleaned,  the  deposits  being  flushed  into  the  bayou. 

The  grit  chambers  discharge  through  a  36-inch  pipe  into  the  suction  channeb 
of  the  pumps  by  which  the  sewage  is  lifted  to  a  42-inch  circular  gravity  sewer 
to  the  treatment  plant. 

Plant  inlet. — The  42-inch  sewer  line  discharges  into  an  entrance  chamher, 
from  which  it  can  be  drawn  into  any  of  four  2H'foot  ^ide  by  4-foot  de^  chao- 
nels,  which  lead  to  4  aeration  tanks;  or  it  can  be  turned  down  and  under  tbe 
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ehraber  through  a  1  ^  by  4  foot  orifice  into  a  4S-inch  by-paaa,  which  discharges 
Immediately  into  a  36-inch  sewer  to  the  Buffalo  River.  All  these  opeoinga  are 
controlled  by  handwheei-operated  sluice  gates. 

AvaUon  (an;fca.— Sewage  enters  the  continuous  flow  aerstfon  tanks  through  an 
upeniug  4  feet  deep  and  10  feet  wide,  formed  by  simply  cutting  out  the  dividing 
wsll  between  the  ioflueiit  channel  and  tank. 

Id  all,  there  are  four  complete  aeration  units,  oonsfstfng  of  an  aeration  and  a 
rvaemtion  tank,  each  unit  the  same  as  all  others  with  the  exception  of  the  ride 
upon  which  the  reaeratfon  tank  is  located.  On  either  aide  of  the  center  line  of 
the  installation  there  is  a  reaeration  tank,  then  two  aeration  tanks,  and  finally 
another  reaeration  tank. 

Each  aeration  tank  is  280  feet  long,  18  feet  wide,  and  10  feet  9  inchee  deep 
from  the  top  of  the  tank  to  the  top  of  the  filtroe  plates  at  the  bottom. 

The  bottom  of  the  tank  consists  of  ridges  and  channels  across  the  tank.     The 

ridges  occur  every  5  feet  and,  in  section,  are  isosceles  triangles  with  a  base  of  3 

•  feet  10  Inches  and  an  altitude  of  1  foot  9  inches.     This  leaves  across  the  tank 

flat  cbannela  1  foot  2  inches  wide,  with  bottoms  3  inches  below  the  base  of  the 

triangular  ridgee  to  receive  the  filtros  plates. 

There  are  12  of  these  plates,  each  12  by  12  by  \}^  inches,  in  each  channel. 
They  were  originally  cemented  with  sulphur  into  cast-iron  holders,  6  plates  to  a 
holder,  to  which  the  air  pipes  were  connected.  It  was  believed  that  the  action 
of  the  sewage  on  the  cast  iron  formed  a  sufficient  amount  of  rust  or  iron  hydrate 
te  clog  the  plates  badly.  Whether  the  clogging  was  due  to  this  cause  or  not, 
there  was  no  question  about  their  being  clogged.  AU  holders  were,  therefore, 
removed,  the  plates  chiseled  out,  and  subjected  to  an  acid  bath,  after  which  they 
were  replaced  in  the  tank,  but  this  time  In  concrete  holders,  and  grouted  In  place. 

At  the  inlet  end  of  the  tank  an  8-inch  cast-iron  pipe  leads  to  the  sludge  pumps 
and  at  the  outlet  a  12-inch  line  to  drain  the  tank  for  cleaning,  repairs,  or  when 
out  of  service  for  any  length  of  time.  A  6-inch  channel  down  the  center  of  the 
tank  for  its  entire  length,  cutting  all  ridges,  leads  to  this  pipe  and  enables  com- 
plete emptying  of  the  tank.     There  are  no  baffies. 

The  outlet  of  the  tank  is  an  IS  by  48  inch  sluice  gate,  located  at  one  comer 
of  the  outlet  end.  This  connects  to  a  channel  4  feet  4  inches  wide  by  10  feet  9 
inches  deep  with  filtros  plates  in  the  hopper-shaped  bottom  of  the  channel. 
Adjacent  tanks  discharge  into  the  same  channel,  and  sewage  is  taken  off  from 
both  sides  to  rows  of  sedimentation  tanks. 

vltr  diifrt&ufton  lyttem. — Supported  on  the  top  of  each  tenk  and  running  down 
the  center  for  the  full  length,  is  the  main  feeder  pipe.     This  is  a  12-inch  line  for 
140  feet,  10-ineh  for  5fl  feet,  8-inch  for  &6  feet,  and  6-inch  for  the  remaining  28 
feet.     Spaced  every  56  feet,  beginning  28  feet  from  the  inlet,  a  Mnch  and  a  4- 
incb  lateral  are  taken  off  the  main  feeder,  these  distribute  air  to  three  4-inch 
line*  which  run  the  entire  length  of  the  tank  and  connect  by  2-tnch  drops  with 
the  aerator  plates.     The  4-inch  lateral  from  the  main  feed  line  supplies  one  of 
tbeoe  4-ineh  lines  serving  one  row  of  plates  in  the  main  aeration  tank,  but  the 
6-tneh  lateral  after  supplying  one  4-Inch  lino  for  a  row  in  the  main  aeration  tank 
is  extended  by  a  4-inch  pipe  to  a  second 
sludge  reaeratJon  tank.     From  the  end  of 
ried  down  the  center  of  the  effluent  channe 
te  prereot  sludge  deposition  before  the  sei 
tioD  tanks;  and  this  4-tnch  line  is  carried  i 
tank  for  sludge  removal  by  air  lift.     A  t1 
Mctioo  of  the  reaeration  tank  adjacent  to  ' 

An  the  2-inch  drop  lines  to  the  filtroe  ph 
filter  the  air. 
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SedimerUcUion  tanks, — For  each  aeration  unit  10  sedimentation  tanks  are  |mK 
vided.  These  are  operated  in  parallel.  The  direction  of  flow  in  the  sedimenta* 
tion  tanks  is  i>erpendicular  to  that  in  the  aeration  tanks. 

The  influent  channel  of  these  tanks  is  the  effluent  channel  of  the  aeration  tanks, 
already  described.  The  inlet  is  through  a  submerged  opening,  18  inches  deep  by 
9  feet  long,  the  bottom  of  which  is  9  feet  2  inches  from  the  top  of  the  tank,  or  juit 
at  the  top  of  the  hopper  channel  containing  the  filtroe  plates  of  the  influent  chan- 
nel. Control  is  exercised  by  flap  gates  operated  from  the  top  by  a  lever  com- 
bination. These  are,  as  a  rule,  set  at  an  angle  of  about  45^  and  thus  act  as  down- 
ward baffles.     There  are  no  other  baffles  in  the  tank. 

The  tanks  themselves  are  10  feet  wide  by  18  feet  10  inches  long  and  22  feet  10 
inches  deep.  The  two  end  walls  are  vertical  for  a  distance  of  9  feet  7  inches,  at 
which  point  they  slope  on  an  approximate  1^  to  1  slope,  to  a  3H  by  3H  f<^ 
bottom.  The  side  walls  have  vertical  depths  of  17  feet  3  inches  where  they  start 
sloping  in  on  practically  the  same  slope  as  the  end  walls  to  the  bottom.  The 
crest  of  the  outlet  weir  is  1  foot  3  inches  below  the  top  of  the  tank. 

In  the  center  of  each  tank  is  suspended  an  8-inch  cast-iron  sludge  pipe.  This 
reaches  down  to  within  a  few  inches  of  the  bottom  of  the  tank  and  terminates  in  s 
special  flared  mouthpiece.  Near  the  top  a  horisontal  8-inch  line  to  the  reaerattng 
channel  is  connected  by  a  T.  A  four-pronged  stirring  device,  operated  by  a  rod 
through  the  center  of  the  8-inch  sludge  pipe  serves  to  loosen  the  heavy  sludge 
around  the  mouth  of  the  pipe.  Sludge  is  removed  by  an  air  lift,  a  1-inch  line 
entering  the  sludge  pipe  about  11  feet  below  the  top  of  the  tank.  The  sludge  re- 
moval schedule  is  different  at  the  two  plants.  At  the  south  side  plant  it  is 
customary  to  remove  intermittently,  the  air  being  turned  into  the  sludge  pipe 
for  a  definite  period  and  then  shut  off.  A  continuous  flow  of  sludge  is  obtained 
by  rotating  tanks.  At  the  north  side  plant  a  small  hole  is  drilled  through  the 
valves  on  the  air  lines.  The  valve  is  kept  closed  at  all  times,  but  the  air  passes 
continuously  through  the  drilled  hole. 

The  outlet  from  the  sedimentation  tank  is  over  two  3-foot  weirs  into  channel  2 
feet  4  inches  wide  by  4  feet  3  inches  deep,  one  for  each  row  of  tanks.  These  all 
connect  to  an  effluent-collecting  chamber,  discharge  from  which  is  also  over  weirs. 
It  is  at  this  point  that  the  flow  is  measured  by  a  gage  recording  ihe  depth  of  flow 
over  the  weirs. 

At  the  north  side  plant  wooden  troughs  with  1-inch  holes  bored  in  the  bottom 
have  been  set  across  the  tanks.  These  are  connected  by  2-inch  pipe  siphons  over 
the  effluent  weirs  into  the  effluent  channel.  It  was  claimed  that  the  velocity  over 
the  weirs  without  these  siphons  had  been  sufficient  to  cause  currents  which  puUed 
up  sludge  and  carried  it  into  the  effluent  channel.  The  siphons  corrected  this  by 
reducing  the  flow  over  the  weirs.  These  troughs,  however,  have  not  been  needed 
and  have  never  been  placed  in  the  south  side  plant. 

Sludge^eaeration  tanks. — These  tanks,  one  for  each  aeration  'tank,  run  the 
entire  length  of  a  complete  unit  of  aeration  and  sedimentation  tanks.  They  are 
in  two  sections.  The  first,  a  collecting  channel,  paralleling  the  sedimentatioa 
tanks,  though  separated  from  them  by  the  effluent  channel,  is  104  feet  6  incfaei 
long  by  3  feet  6  inches  wide  by  10  feet  9  inches  deep.  The  bottom  is  hoi^xred 
and  has  one  longitudinal  row  of  filtros  plates.  This  channel  receives  the  aludfe 
from  the  8-inch  sludge  lines  in  the  sedimentation  tanks.  Where  the  sediment*' 
tion  tank  and  the  aeration  tank  join,  the  sludge  passes  from  this  channel  throu^ 
an  18  by  48  inch  sluice  gate  into  the  second  section  of  the  reaeration  tank,  whidi 
is  280  feet  long,  9  feet  wide,  and  10  feet  9  inches  deep.  This  section  parallels  and 
is  adjacent  to  the  aeration  tank,  and  discharges  into  it  at  one  side  of  the  inlet  end 
through  an  18  by  48  inch  submerged  opening.  Filtros  plates  are  set  in  rows  of  6 
plates  across  the  reaeration  tank,  the  rows  spaced  5  feet  apart  as  in  the  aeratioB 
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tank.  The  6-iiich  channel  for  draining  is  also  provided  as  in  the  aeration  tank. 
The  entire  construction  including  bottom  details  is  the  same  as  for  the  aeration 
tanks,  the  only  difference  being  that  it  is  only  half  as  wide. 

An  8  inch  sludge  pipe  to  the  sludge  pumps  is  provided  at  the  outlet  end  of  the 
reaeratioo  tank  at  the  inlet  end  of  the  plant.  In  addition,  the  narrow  section  of 
the  reaeration  tank,  is  connected  to  the  12-inch  line  into  which  the  aeration  tanks 
are  drained  when  it  is  desired  to  empty  them.  These  connect  to  the  main  efflu- 
ent pipe  to  Buffalo  River. 

Power  hcuBt. — The  power  house  is  a  brick  building  72  feet  long  by  24  feet  wide 
(inside  dimensions).  Adjoining  it,  with  a  common  dividing  wall,  is  the  air  screen 
chamber,  16  by  32  feet.  The  air  screens  consist  of  panels  of  8-ounce  duck  backed 
by  canton  flannel.  These  panels,  having  a  total  area  of  about  700  square  feet,  are 
arranged  on  8  diagonals,  forming  four  V's  across  the  32-foot  dimension,  but 
occupying  only  9  feet  of  the  16-foot  dimension.  The  other  7  feet  are  taken  up 
by  baffle  waDs  to  two  20-inch  diameter  suctions  for  the  blowers.  Air  is  drawn 
in  through  5  shuttered  or  louvered  openings,  6  by  3  feet,  in  the  outside  walls. 

Air  is  pumped  by  three  Sturtevant  No.  10  blowers,  rated  at  19.7  cubic  feet  of 
free  air  per  revolution,  3,750  feet  per  minute  at  265  revolutions.  The  blowers 
are  gear  connected  to  two  150-hor8epower  constant  speed  General  Electric  Co. 
motors  and  one  ISO-horsepower,  2  speed  standard  oil  engine.  All  blowers  con- 
nect to  a  16-inch  header  which  discharges  throu^  a  20-inch  supply  line.  This 
ctividee  into  two  16-inch  lines  running  along  the  inlet  end  of  the  aeration  tanks. 
After  two  of  the  main  feed  lines  over  the  aeration  tanks  have  been  taken  off,  the 
l^inch  header  is  reduced  to  12  inches  and  supplies  the  main  feed  lines  to  the 
two  outdde  aeration  tanks.  All  four  main  feed  lines  are  metered.  Description 
has  already  been  given  covering  the  air  system  over  the  tanks. 

Tbe  power  house  also  contains  a  6-inch  special  design  Worthington  volute 
centrifugal  pump  direct  connected  to  a  10-horsepower  General  Electric  Co.  motor 
for  pumping  sludge. 

Sludge  disposal. — At  the  present  time,  and  for  the  past  two  years  excess  sludge 
haa  been  pumped  to  3  lagoons,  each  of  about  10,400  cubic  yards  capacity.  The 
idudge  ia  allowed  to  settle  and  the  supernatant  run  back  to  the  aeration  tanks.  At 
the  time  inspection  was  made,  the  middle  of  August,  1290,  there  was  capacity 
left  in  these  lagoons  to  take  care  of  sludge  for  about  6  months  longer.  It  was 
expected  by  that  time  to  have  the  drying  plant  in  operation. 

Thia  drying  plant  can  best  be  described  by  taking  up  the  various  processes 
involved  in  the  order  in  which  they  occur.  From  the  sewage  tanks  the  sludge  is 
pumped  to  three  elevated  50,000-gallon  wooden  tanks.  Here  it  is  allowed  to 
settle  and  the  supernatant  drawn  off.  The  settling  period  is  limited  by  the  fact 
that  sludge  quickly  turns  septic  and  in  this  condition  is  not  suitable  for  pressing. 
The  sludge  in  these  tanks  is  supposed  to  be  reduced  from  99}4  to  98  per  cent 
moisture. 

FVom  the  settling  tanks  the  sludge  runs  by  gravity  to  two  500-gallon  Simplex 
Rectors  operated  by  two  Gardner  compressors  driven  by  20-hor6epower  motors. 
The  Qectors  discharge  into  two  120-plate  Simplex  presses,  which,  it  is  anticipated, 
win  operate  under  100  to  120  poimds  pressure.  The  contract  specification  re- 
quiree  that  these  pressers  will  take  98  per  cent  moisture  sludge  and  reduce  it  to 
80  per  cent,  with  a  guaranteed  output  of  54,000  pounds  of  80  per  cent  sludge  per 
day.     Each  pressing  requires  about  three  hours. 

The  presaes  when  cleaned  drop  the  sludge  into  a  chute  to  storage  bin,  where  a 
conveyor  picks  it  up  and  takes  it  to  the  drier.  Conveyor  trouble  was  the  cause 
of  the  idleness  of  the  plant  at  the  time  of  inspection.  The  original  conveyor 
inataUed  was  of  the  drag  t3rpe.  It  was  found,  however,  that  the  sledge  stuck  to 
tbe  drags  and  returned  to  the  sludge  pit,  instead  of  dropping  into  the  drier.     A 
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screw  conveyor  to  replace  the  one  now  in  place  had  been  ordered  and  was  expected 
at  any  time. 

The  drier  is  a  type  A,  direct-indirect  Buckeye,  60  inches  in  diameter  and  40 
feet  long,  driven  by  a  25-hor8epower  motor.  Heat  is  furnished  by  an  oH-bom- 
ing  furnace.  Gases  are  passed  through  a  condensing  chamber  which  outlets  into 
a  high  stack.    It  was  stated  that  very  little  odor  was  produced. 

The  installation  contract  requires  that  the  drier  handle  54,000  pounds  of  SO 
per  cent  sludge  per  day,  reducing  it  to  a  10  per  cent  bams  with  a  oonsumption 
of  1  pound  of  fuel,  containing  13,500  B.  t.  u.  per  10  pounds  of  water  evapozated. 

From  the  drier  the  sludge  goes  to  an  8-inch  mesh  screen,  the  screenings  being 
carried  into  the  storage  bin,  and  the  tailings  to  a  grinder  and  thence  to  the  st<^- 
age  bin.    All  transfer  of  sludge  is  handled  by  conveyors. 

Laboratory, — The  laboratory  is  housed  in  a  frame  building.  It  is  adequate  in 
size  and  equipment  for  necessary  work. 

B.    SOUTH   SIDE   PLANT 

The  bulk  of  the  sewage  treated  at  the  soutii  side  plant  is  pumped  at  the  south 
side  pumping  station.  Here  it  is  passed  through  a  screen  with  1-inch  clear  open- 
ings and  lifted  by  two  12-inch  No.  12  S.,  Gould  centrifugal  pumps  to  a  364ndi 
gravity  line  to  the  plant. 

The  south  side  plant  is,  in  its  main  features  and  in  most  of  its  details,  exactly 
the  same  as  the  north  side  plant,  already  described,  the  difference  being  that  the 
south  side  plant  is  a  two-unit  plant,  or  half  the  suse  of  the  north  side  plant. 

To  avoid  repetition  descriptions  will  be  made  by  reference  to  the  north  side 
plant,  only  points  of  difference  being  noted. 

Plant  inlet, — See  north  side  plant,  except  two  instead  of  four  2H-f oot  f^^nnfig 
to  tanks,  and  by-pass  is  30-inch. 

Aeration  tanks. — Two  units  the  same  in  every  respect  and  dimension  as  de- 
scribed for  north  side  plant. 

ilir  diatribution  systein, — See  north  side  plant. 

Tanks, — These  tanks  are  slightly  different  from  the  corresponding  ones  at  the 
north  side  plant.  The  end  and  side  slopes  start  higher  up  and  hence  are  steeper. 
The  end  walls  are  vertical  for  only  2  feet  from  the  top,  and  the  side  walls  12  feet 
10  inches,  instead  of  9  feet  7  inches,  and  17  feet  3  inches,  respectively,  at  the 
north  side  plant,  giving  slopes  greater  than  2)^  to  1,  instead  of  less  than  about 
IJi  tol. 

Other  dimensions,  air  and  sludge  lines,  are  the  same  at  both  plants.  The 
south  side  plant,  however,  does  not  have  the  extra  siphon  outlets  in  addition  to 
the  weirs. 

Reaeralion  tanks, — These  are  identical  with  ^ose  at  the  north  side  plant. 

Power  house. — In  principle  and  general  design  this  installation  is  the  same  as 
at  the  north  side  plant,  though  smaller  to  correspond  to  the  size  of  the  plant. 

The  power  house  itself  is  36  by  24  feet  and  the  air  screening  chamber  is  IQ  by 
16  feet  with  4  panels.  The  panels  are  covered  with  muslin  as  against  duck  and 
canton  flannel  at  the  north  side.  The  air  intake  to  the  blowers  consista  of  one 
16-inch  header  pipe  to  which  are  connected  two  No.  10  Sturtevant  blowers 
driven  by  150-hor8epower  General  Electric  motors,  one  variable  and  the  other 
constant  speed.  These  discharge  into  a  16-inch  header  which  divides  into  two 
12-inch  lines  for  the  tanks. 

The  sludge  pump  is  the  same  as  at  the  north  side. 

Because  of  the  location  of  the  plant  it  was  necessary  to  provide  a  water  supply. 
This  is  from  a  well  pumped  by  a  small  motor-driven  triplex  pump. 

Sludge  disposal. — All  sludge  for  the  two  years  of  operation  has  been  pumped 
to  a  lagoon  about  300  by  100  by  10  feet  deep.    This  was  about  half  full  at  time 
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of  inspeetiODf  and  was  counted  upon  for  two  years'  more  service.  There  is  no 
drying;  plant,  but  It  is  possible  that  sludge  may  be  taken  from  this  plant  to  the 
drier  at  the  north  side  plant  if  it  is  found  that  the  commercial  value  of  the  dried 
idudge  IB  sufficient  to  warrant  the  transportation  expense. 

Laboratory. — There  is  a  combination  tool  house  and  administration  building  but 
DO  laboratory  at  this  plant,  that  at  the  north  side  plant  serving  both  installations. 

Vni.  Lexington,  Kt. 

Sewa^  is  received  at  the  treatment  plant  in  39-inch  concrete  sewer.  This  d^ 
chargea  into  the  entrance  channel  in  which  is  located  the  screen. 

Screen. — This  is  a  bar  screen  made  of  J^-inch  bars  spaced  2  inches  center  to 
eenter,  and  inclined  at  an  angle  of  30^  with  the  horizontal.  In  plan  it  is  3  feet 
wide  by  8  feet  long.  Screenings  are  raked  up  by  hand  onto  a  concrete  platform 
from  which  they  are  removed  by  a  wheelbarrow  and  spread  over  land  near  by. 

GrU  chambers. — The  sewage  next  enters  grit  chambers,  of  which  there  are  three, 
aH  3  feet  wide,  but  two  are  26  feet  6  inches,  while  the  third  is  30  feet  9  inches  long. 
Their  effective  depth  is  4  feet  9  inches.  Below  this  depth  there  is  a  channel, 
12  inches  deep  at  the  inlet  increased  to  15  inches  deep  at  the  outlet  in  which  is 
laid  a  6-inch  vitrified  drain  tile  and  the  channel  filled  with  one-eighth  to  three- 
fourtha  inch  graded  broken  stone.  These  tile  are  extended  by  4-inch  cast-iron 
pipes  to  a  4-inch  vertical  Morris  centrifugal  pump,  shaft  connected  to  a  2-horse- 
power  General  Electric  Co.  motor.  The  pump  and  motor  are  located  in  the 
laboratory  and  administration  building  and  are  used  to  pump  out  the  grit  cham- 
bers before  cleaning. 

Inverted  siphon. — This  siphon  carries  the  sewage  from  the  grit  chambers  under 
the  Louisville  dc  Nashville  Railroad  tracks  to  the  influent  channel  of  the  Imhoff 
tanks.  The  siphon  entrance  chamber  is  12  feet  6  inches  long  with  an  inlet  width 
of  3  feet,  which  increases  or  flares  to  8  feet  within  the  first  5  feet,  giving  an  8 -foot 
width  for  the  remaining  7  feet  6  inches.  There  are  two  outlets  or  siphon  pipes. 
The  first  is  24  inches,  reducing  to  18,  and  controlled  by  a  24-inch  circular  sluice 
gate.  The  second  is  an  18-inch  pipe  controlled  by  an  18-inch  special  Pacific 
flu^h  tank  siphon,  the  outlet  arm  of  which  is  in  the  form  of  a  T,  one  opening 
extending  up  above  the  discharge  point  of  the  siphon.  The  24-inch  straight 
opening  is  used  regularly.  When  the  flow  becomes  too  great  to  be  entirely  taken 
eare  of  by  this  pipe  the  siphon  operates  to  take  the  excess,  and  the  riser  from  the 
outlet  arm  of  the  siphon  constitutes  an  overflow  in  case  the  siphon  fails  to  function 
properly.  The  two  18-inch  pipes  pass  under  the  raUroad  tracks  and  discharge 
through  risers  into  an  elevated  tank  inlet  conduit. 

Imhoff  tank  inlet  conduit. — The  conduit  from  the  siphon  to  the  Imhofl  tanks  is 
410  feet  long,  3  feet  wide  by  4  feet  deep.  At  one  point  an  angle  of  68^*  is  turned 
on  the  arc.  For  the  greater  part  of  the  way  this  conduit  is  elevated  5  to  6  feet 
above  the  ground,  though  it  is  planned  eventually  to  fill  under  it.  The  installa- 
tion is  complete  to  serve  8  tanks  but  only  the  four  farthest  from  the  siphon  have 
been  built.     The  others  are  to  be  added  as  needed. 

Imhoff  tanks. — The  four  Imhoff  tanks  are  of  the  single  chamber,  reversible, 
horizontal  flow  type.  They  are  68  feet  long  by  33  feet  wide  and  of  a  total  depth 
of  28  feet  8  inches.  Sewage  enters  and  leaves  over  two  12-foot  weirs,  the  crests  of 
which  are  2  feet  below  the  top  of  the  tank.  There  are  two  gas  vents,  one  over 
each  of  two  hoppers,  6  feet  wide  by  13  feet  long. 

The  flow  chamber  has  a  total  depth  of  14  feet  below  the  flow  line  to  the  apex  of 
the  slot.  Of  this,  5  feet  1 0  inches  is  vertical  wall  above  the  sloping  baffles  forming 
the  bottom.  These  have  a  slope  of  1|^  to  1.  The  slots  are  formed  by  sloping  in 
an  four  walls  of  the  tank  and  sloping  out  the  four  walls  of  each  gas  vent.  This 
method  of  construction  gives  eight  distinct  slots,  four  longitudinal  with  the  tanks 
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formed  by  the  four  side  walls  of  the  two  gas  vents  with  the  two  side  walls  of  ^ 
tank;  and  four  across  the  tank  at  right  angles  to  the  flow,  two  of  which  are  formed 
by  two  end  walls  of  the  tank  with  the  two  outside  end  walls  of  the  two  gaa  ve&t^ 
and  two  formed  by  the  two  inside  end  walls  of  the  two  gas  venta  with  a  vefiic&] 
partition  waU  between  the  two  hoppers  terminating  in  a  wedge.  In  all  slot'^ 
the  horizontal  opening  is  9  inches  and  trap  overlaps  10^  inches. 

Scumboards  are  located  18  inches  from  the  inlet  and  outlet.  In  addition  iher« 
are  two  baffles  21  feet  6  inches  from  the  inlet  and  outlet.  Both  the  baffle  and 
scumboards  extend  from  the  top  of  the  tank  down  about  3  feet  below  the  surface 
of  the  sewage.  They  consist  of  2-inch  cypress  boards  10  inches  wide,  slipped  in 
grooves  in  the  walls  of  the  tank. 

Below  the  slots  the  sludge  or  digestion  chamber  is  11  feet  1  inch  deep,  of  which 
4  feet  6  inches  are  in  the  hopper  bottoms  which  are  27  by  20  feet  wide  at  the  top, 
sloping  to  18  by  18  inches  at  the  bottom.  The  slope  of  the  bottoms,  transverse 
and  longitudinal  are,  therefore,  about  2  to  1  and  3  to  1,  respectively. 

The  settling  capacity,  exclusive  of  the  gas  vents,  from  the  flow  line  to  the 
apexes  of  the  slots  is  20,600  cubic  feet  or  154,500  gallons. 

Each  hopper  has  an  8-inch  cast-iron  sludge  outlet  pipe  which  rises  verticaUv 
from  a  point  12  inches  above  the  bottom  to  the  top  of  the  tank,  but  at  a  poiot 
4  feet  6  inches  below  the  flow  line  is  connected  by  a  T  to  a  horizontal  8-inch  line 
which  runs  across  the  tank  and  terminates  in  a  small  sludge  well  between  two 
adjacent  tanks.  From  this  a  16-inch  sludge  line  goes  to  the  sludge  bed.  Water 
lines  have  been  installed  around  the  top  of  the  hoppers  with  a  connectioD  directly 
under  the  bottom  of  the  outlet  sludge  pipe. 

The  sludge  storage  capacity  below  the  overlap  of  the  slot  is  8,700  cubic  feet. 

Siphon  chambers  or  dosing  tanks, — There  are  two  dosing  tanks  for  the  trickling 
filters,  each  serving  two  of  the  filter  units.  The  tanks  are  divided  into  two 
sections  emptied  by  a  24-inch,  Pacific  flush  tank,  alternating,  twin,  lock-contitslled 
siphon.  The  siphons  are  located  in  chambers  28  feet  long  by  10  feet  7  inches 
wide  with  sloping  bottoms  so  that  the  depth  varies  from  4  feet  4  inches  to  12  feet 
4  inches,  the  last  5  feet  6  inches  being  level  at  the  12  foot  4  inch  depth. 

The  total  capacity  of  each  chamber,  including  the  siphon  bell,  is  2,575  cubic 
feet;  of  this,  1,465  cubic  feet  or  about  11,000  gallons  is  available  and  constitutes 
the  dose  discharged  on  the  filter  at  each  discharge. 

Trickling  filters. — The  filters  consist  of  four  units  of  trickling  filters  of  one-half 
acre  each,  arranged  in  two  sets  of  two  each.  The  filters  are  all  238  feet  6  incbia 
long,  but  the  two  outside  filters  are  92  feet  6  inches  wide,  while  the  two  inside 
filters  lying  adjacent  to  each  other  are  91  feet  3  inches  wide. 

The  fioors  slope  6  inches  in  the  width  of  the  filters  equivalent  to  a  little  over  a 
0.5  per  cent  grade.  Six-inch  half  tile  drains  with  open  joints  are  laid  on  lOH" 
inch  centers.  These  pass  through  the  wall  of  the  filters  and  discharge  directly 
into  two  secondary  sedimentation  tanks  located  between  and  each  serving  two 
filters.  The  ends  are  open  and  can  be  easily  fiushed  by  a  hose  for  which  coonee* 
tions  are  available. 

The  filtering  material  consists  of  3^  feet  of  native  limestone  surfaced  with 
2H  feet  of  Georgia  granite.  The  specifications  call  for  2  to  2}^  inch  stone,  bat 
there  is  some  smaller  than  2  inches  so  that  as  the  filters  stand  the  size  ia  1  to  2H 
inch.  Around  the  open  points  of  the  half  tiles  of  the  underdrains  larger  siooe 
were  placed  by  hand.  The  use  of  the  granite  for  the  top  2}/^  feet  was  due  to  a 
serious  doubt  as  to  the  wearing  qualities  of  the  native  limestone.  Due  to  traos^ 
portation  difficulties,  however,  it  was  impossible  to  secure  quite  enough  granite 
and  a  small  section  of  the  filter  was  filled  to  the  top  with  the  native  limestone. 
At  the  time  of  the  survey,  August,  1920,  after  three  years  of  operation  ibeit 
appeared  to  be  very  little  if  any  disintegration. 
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la  dtseharged  from  the  dosing  tanks  through  a  30-inch  pipe,  which,  at 
the  filter,  is  divided  into  two  20-inch  lines  which  are  gradually  reduced  to  12-inch 
m%  iba  lower  end  of  the  filters.  All  lateral  distributors  are  6  inches,  laid  on  13-foot 
centers  and  supported  by  the  filter  stone  about  6  inches  below  the  surface.  Into 
these  are  set  circular  Taykv  nozzles  on  15-foot  centers  staggered  on  alternate 
lioeft,  thus  giving  a  uniform  spacing  of  15  feet  over  the  filt^.  The  hydrostatic 
diseharge  head  on  the  nozzle  varies  from  a  maximum  of  0.75  to  a  minimum  of  2 
feet. 

Secondary  a^dimtniaUcn  tanks. — Each  set  of  two  filters  discharges  into  a 
Bttcmdtaj  or  final  sedimentation  tank.  These  tanks  are  located  between  the 
filters  they  serve,  and  form  the  bottom  of  the  uncovered  central  pipe  gallery. 
They  have  a  total  length  of  221  feet  4  inches  and  a  total  inside  width  of  12  feet. 
This  width  is  divided  into  three  sections:  Two  channels  of  1  foot  each  into 
which  the  filters  discharge,  and  the  third,  a  central  channel  of  9  feet  into  which, 
at  the  inlet  end,  the  two  side  channels  discharge.  The  sewerage  is  thus  carried 
back  through  the  1-foot  channels  to  the  9-foot  channel  and  then  through  the 
9-foot  channel  the  complete  length  of  the  tank.  The  bottoms  of  the  side  channels 
are  flat,  but  that  of  the  central  channel  consists  of  16  hoppers,  each  9  feet  by  13 
Ceet  10  inches  in  plan  at  the  top  and  18  inches  by  18  inches  at  the  bottom.  Each 
hopper  has  a  4-inch  valve-controlled  sludge  outlet  connected  to  the  4-inch  suction 
line  of  a  64nch  Morris  vertical  centrifugal  piunp,  shaft  connected  to  a  10-horse- 
pow^*  General  Electric  Co.  motor.  This  ptimp  discharges  into  the  inlet  channel 
o^  the  Imhoff  tanks.     It  is  operated  about  every  six  weeks. 

Final  effluent  channel. — From  the  secondary  tanks  the  sewage  flows  over 
a  weir  into  a  30-inch  cast-iron  effluent  pipe,  which  discharges  into  Town  Branch 
through  a  36  by  36  inch  open  concrete  conduit. 

Sludge  beds, — There  are  two  sludge  bed  units,  each  106  feet  long  by  83  feet 
wide.  Each  unit  is  divided  longitudinally  by  three  9-inch  partition  walls  into 
four  beds,  105  feet  long  by  20  feet  3  inches  wide.  One  bed  of  each  unit  is  again 
subdivided  by  removable  wooden  partitions  into  five  sections  21  feet  by  20  feet 
3  inches.  The  two  units  lie  adjacent  to  each  other  with  a  sludge  channel  between 
them  12  inches  wide,  18  inches  deep,  with  semicircular  bottom.  A  similar 
channel  lies  also  on  the  end  of  each  bed  nearest  the  tanks.  They  are  laid  on  a  2 
per  cent  grade.  Openings  with  slide  gates  or  stop  planks  permit  the  sludge  to  be 
put  on  any  desired  bed.  Below  each  opening  on  the  bed  there  is  a  concrete 
qilatter  plate  5  feet  long  and  3  feet  wide  flaring  to  7  feet.  Tracks,  24-inch  gage, 
run  down  the  center  for  the  length  of  the  bed  and  connect  by  turntables  to  a 
main  track  which  runs  up  on  a  trestle  over  the  sludge  dump. 

The  bottom  of  each  bed  slopes  2  inches  from  both  sides  to  the  center,  a  distance 
of  about  10  feet,  where  an  8-inch  open-joint  tile  drain  is  laid  in  a  channel.  These 
empty  into  an  8-inch  main  drain  which  runs  to  the  underdrainage  system  of  the 
trickhng  filters.  Tlie  depth  of  the  material  in  the  bed  averr.ges  about  1  foot,  and 
consists  of  a  one-fourth-inch  surface  of  sand,  under  this  2  inches  of  one-sixteenth 
to  one-fourth  inch  stone,  then  4  inches  of  one-fourth  to  three^ourths  inch  stone 
and  finally  5  to  6  inches  of  1  to  2}/^  inch  stone. 

Laboral&ry  and  administration  building. — Though  not  equipped  for  laboratory 
work,  the  plant  has  a  brick  building  40  by  26  feet  overall,  in  which  a  room  24  by 
25  feet  has  been  set  aside  for  a  laboratory.  The  stationary  fixtures,  hood,  benches, 
finks,  and  worktables  are  already  in  place.  The  remainder  of  the  building  is 
ti^en  up  with  a  toilet,  shower  bath,  the  inlet  chamber  of  the  inverted  siphon, 
aheady  discussed,  and  the  pumping  equipment  for  draining  the  grit  chambers. 

Overflows  and  by-passes. — The  plant  is  so  arranged  that  any  or  every  device 
can  be  cut  out  of  service.  Just  preceding  the  bar  screen  there  is  an  overflow  lead- 
ing around  the  screen  and  grit  chambers  to  the  inverted  siphon  chamber.    This 
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overflow  is  available  for  heavy  storm  flows  and  is  a  safeguard  against  clogged 
screens.  In  addition  to  this  overflow  there  is  a  by-pass  around  the  grit  chamben 
for  screened  sewage  to  the  inverted  siphon  chamber.  At  the  outlet  c^  the  inverted 
siphon  a  valve-controlled  blow-off  makes  possible  the  discharge  of  the  aewa^  at 
this  point  direct  to  Town  Branch  through  an  18-inch  cast-iron  pipe.  After  leaving 
the  tanks  there  is,  on  the  line  to  the  dosing  tanks  and  just  before  entmng  them, 
a  24-inch  valve-controUed  by-pass  pipe  which  leads  to  a  36-inch  drain.  Thk  drain 
was  installed  to  intercept  and  carry  underground  to  Town  Branch  a  former  sur- 
face run  or  brook.  The  filters  can  be  cut  out  by  opening  a  valve  at  the  end  of  Use 
main  distributors,  allowing  them  to  discharge  just  ahead  of  the  outlet  w^r  of  the 
secondary  tank,  or  the  filters  can  be  operated  alone  without  the  secondary  tanks 
by  empting  the  two  narrow  1-foot  channels  into  the  final  effluent  conduit  at  a  i>oSnt 
just  beyond  the  weir  of  the  9-foot  channel  into  the  final  effluent  conduit. 

IX.  Reading,  Pa. 

Sewage  treatment  at  Reading  is  divided  into  three  steps  at  three  different 
places.  The  sewage  is  first  screened  and  grit  removed  at  a  pumping  station  in 
the  southwest  comer  of  the  city.  From  this  point  it  is  pumped  over  a  mile 
south  to  a  large  septic  tank,  from  which  it  flows  over  a  half-mile  to  trickling 
filters  and  secondary  sedimentation  tanks  on  Fritz's  Island,  the  effluent  finally 
entering  the  Schuylkill  River. 

Screens  and  grit  chambers, — Sewage  is  received  at  the  pumping  station  in  a 
64-inch  brick  sewer  from  which  54-inch  leaders  are  taken  to  the  two  screen 
chambers.  These  chambers  are  circular,  20  feet  in  diameter  and  19  feet  deep, 
with  flat  bottoms,  the  sewage  entering  with  the  invert  of  the  sewer  8  feet  above 
the  bottom.  One  foot  below  the  invert  of  the  sewer  is  the  screen,  supported 
by  an  iron  grid,  consisting  of  cast-iron  plates  with  half-inch  holes  on  2-inch 
centers,  laid  in  sections  to  cover  the  entire  diameter  of  the  pit.  The  sewage 
entering  these  chambers  submerges  the  screens,  during  periods  of  operation,  to 
a  depth  of  3  to  8  feet,  depending  on  the  extent  of  clogging.  The  sewage  paasee 
through  the  screens  to  a  pit  7  feet  deep  and  from  it  to  the  suction  of  the  pumps. 

This  suction  is  located  about  18  inches  above  the  bottom  of  the  screen  chambers, 
the  depth  below  the  suction  being  available  for  retaining  grit.     It  is  obvious,  as 
V  has  been  demonstrated,  that  this  grit  storage  space  is  quickly  filled,  and  that  the 
grit  is  then  washed  onto  the  pump  as  rapidly  as  it  is  deposited. 

The  screens  are  cleaned  by  hand.  One  screen  is  thrown  out  of  operation  and 
the  sewage  pumped  down  below  the  screen  plate.  The  exposed  plate  is  then 
cleaned  with  a  flat-edged  scraper,  the  screenings  being  collected  into  a  pile  and 
shoveled  into  a  bucket,  which  is  lifted  to  the  top  of  the  well,  dumped  into  steel 
carts,  and  pressed.  The  steel  carts  have  perforated  bottoms,  solid  sides,  and 
open  fronts.  A  wooden  cover  is  placed  over  the  screenings  and  pressed  down 
by  a  jackscrew  operated  by  a  handwheel.  The  pressed  screenings  are  burned 
in  an  incinerator.  For  the  most  part,  there  is  a  fixed  schedule  of  cleaning  from 
8  a.  m.  to  9  p.  m.     During  the  night  the  screens  are  cleaned  when  needed. 

In  cleaning  the  grit  chambers,  sections  of  the  screen  are  removed,  and  the 
deposits  shoveled  into  a  large  container  which  is  raised  and  lowered  by  a  motor- 
driven  windlass,  mounted  on  an  I-beam  traveler.  By  this  arrangement  the 
container  can  be  conveniently  placed  in  the  pit,  and,  when  full,  lifted  and  carried 
outside  the  building  where  it  is  dumped  into  a  wagon. 

Pumping  equipment. — This  consists  of  a  R.  D.  Wood  124nchy  horizontal, 
centrifugal  pump,  6  m.  g.  d.  capacity,  direct-connected  to  a  100-hors^xmcr 
Westinghouse  motor;  and  a  R.  D.  Wood  15-inch,  horizontal,  centrifugal  pvap, 
8  m.  g.  d.  capacity,  direct-connected  to  a  IdO-horsepower  Westinghouse  motor. 
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are  eontrolled  both  by  hand  and  by  a  Cutler^Hammer  automatic  float 
device.     The  two  pumps  are  never  operated  together. 

Prom  the  pumps,  a  force  main,  6,600  feet  long  and  20  inches  in  diameter, 
exeept  for  a  few  hundred  feet  near  the  pumping  station,  leads  to  the  septic  tank. 
Oq  this  line,  at  the  pumping  station,  the  sewage  passes  through  an  integrating 
direet-reoordiDg  Venturi  meter. 

SepUc  tank.— This  tank  is  253  feet  long  by  51  feet  8  inches  wide  by  17  feet  4 
iDcbes  deep.  All  sides  are  vertical  and  the  bottom  is  flat  with,  however,  a  slight 
slope  to  facilitate  removing  sludge.  The  tank  as  a  whole  stands  above  ground. 
The  bottom  is  divided  into  five  compartments  by  transverse  baffle  walls,  4  feet 
high.  Theae  compartments  are  connected  by  openings  1  foot  wide,  cut  at  both 
enda  of  the  baffle  walls.  Crossbeams  1  foot  high  divide  each  compartment  into 
four  bays  or  smaller  sections.  A  6-inch  sludge  outlet  is  provided  for  each  of  the 
five  compartments. 

There  are  no  surface  baffles,  but  an  outlet  scum  board  extending  3  to  4  inches 
b^ow  the  surface  of  the  sewage  is  provided.  This  sctun  board  normally  stands 
near  the  outlet,  but  it  is  movable,  and  is  used  to  pull  scum  toward  the  inlet  end 
of  the  tank  where  it  is  shoveled  off  into  a  chute  to  a  large  drying  area.  This  is 
done  about  twice  a  week. 

The  20-inch  force  main  passes  through  the  bottom  of  the  tank  at  the  inlet  end 
aad  rises  vertically  for  11  feet  where  it  discharges  the  sewage  into  a  horizontal 
14-inoh  riveted  steel  header,  about  45^  ^^t  long  across  the  tank.  Twelve  5-inch 
holes,  on  SH-^oot  centers,  are  cut  in  the  header  45°  below  the  horizontal. 

The  outlet  is  over  a  timber  weir  extending  across  the  entire  width  of  the  tank 
with  ite  crest  1.15  feet  below  the  top  of  the  tank.    The  effluent  enters  a  trough 

2  feet  deep  the  full  width  of  the  tank  and  discharges  through  a  24-inch  vertical 
pipe  to  a  3(Hnch  line  to  the  filters. 

An  overflow  weir,  32  feet  3  inches  long,  is  provided  in  one  side  of  the  tank  near 
the  outlet  end.  Its  crest  is  about  5H  inches  above  the  crest  of  the  outiet  weir 
and  about  8  inches  below  the  top  of  the  tank.  The  sewage  passing  over  this 
weir  spills  cmto  an  apron  projecting  10  inches  from  the  side  of  the  tank  and  falls 
into  a  channel  leachng  to  Angelica  Creek  just  above  its  entrance  into  the  Schuyl- 
ksn  River. 

It  was  stated  that  this  weir  overflows  every  Monday  for  about  four  hours  and 
oceasionally  for  about  a  half  hour  during  the  rest  of  the  week. 

The  total  volume  of  the  tank  is  226,000  cubic  feet.  With  the  flow  line  1  foot 
below  the  top,  the  available  vdume  is  213,000  cubic  feet.  Considering  also  the 
4-foot  depth  below  the  bottom  baffles  as  dead  space  for  sludge  storage,  the  avail- 
able sewage  capacity  becomes  161,000  cubic  feet  or  1,200,000  gallons,  and  52,000 
cubic  feet  for  sludge. 

Trickling  fiUers, — From  the  septic  tank  the  sewage  flows  in  a  30-inch  pressure 
main  under  Angelica  Creek  and  Mifflins  Arm  of  the  Schuylkill  River  to  the  filter 
beds  on  Fritz's  Island.  The  pressure  line  discharges  at  the  center  of  the  bottom 
of  a  war  tank  10  feet  in  diameter  by  12  feet  deep.  The  bottom  of  the  tank  is 
abodt  10  feet  above  the  ground  and  10  feet  below  the  surface  of  the  sewage  in 
the  septic  tank.  Inside  the  tank  three  walls,  chords  of  the  circle  of  the  tank, 
divide  the  tank  into  a  central  triangular  entrance  chamber  and  three  outside 
segmental-shaped  outlet  chambers.     The  dividing  walls  are  solid  to  a  height  of 

3  feet  above  the  tank  bottom,  and  grooves  extend  up  another  4  feet,  so  that 
2-inch  planks  can  be  set  in  them  to  obtain  separation  of  the  flow  into  the  three 
out«ide  chambers  by  merely  adjusting  the  elevation  of  the  top  planks  which 
serve  as  weirs. 

The  three  outside  chambers  discharge  through  two  24-inch  and  one  30-inch 
vitrified  pipe  to  the  siphon  tanks  of  the  filters.     The  two  chambers,  with  the 
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24-inch  outlets,  feed  only  one  filter  each,  but  the  thirds  with  the  SO-ineh  outlet^ 
feeds  two  filters. 

While  at  the  lime  of  in^)ectkm  there  wwe  4  dosing  tanks  of  two  types,  1  con- 
trolled by  butterfly  valves  operated  by  floats  and  3  by  siphons,  only  the  siphon 
t3rpe  is  described  hi&re,  as  it  was  stated  that  the  butterfly  valve  tank  was  unsatis- 
factory and  would  be  replaced  by  a  siphon  tank  of  the  same  design  as  the  other 
three  before  the  summer  was  over. 

The  siphon  tanks  are  hopper-shaped  with  three  rioping  and  one  veitieal  side. 
One  of  the  slicing  sides  overhangs  the  filter  bed  «nd  has  openings  cut  in  it  near 
the  top  so  that  any  flooding  will  be  onto  the  beds.  The  tanks  are  7}^  feet  deep 
and  have  a  capadty  of  about  12,000  gallons.  Sewage  enters  throuf^  a  244n^ 
pipe  in  the  bottom  and  leaves  through  a  24-inoh  siphon. 

The  four  filter  units  were  installed  at  different  times  between  1907  and  1915, 
and,  though  built  on  the  same  general  lines,  they  differ  in  details  of  design. 
They  are  all  1  acre  in  area.  The  details  can  be  most  satisfactorily  given  by  con- 
sidering each  filter  separately. 

Filter  No.  1, — This  filter  was  constructed  in  1911,  being  the  third  one  built 
at  the  plant.  The  floor  is  of  concrete,  sloping  both  ways  toward  one  centrsi 
drain.  Laterals  of  6-inch  half-round  tile  on  11-inch  centers  run  from  this  drain 
to  the  two  sides  of  the  fllters.  Aroimd  and  over  the  laterals  to  a  dqpth  of  about 
6  inches  are  laid  large  pieces  of  slag  averaging  6  inches  in  dian^tw.  Above  this 
is  the  layer  of  regular  filtering  media  of  open-hearth  furnace  slag  4)^  feet  deep. 
The  filtering  media  was  specified  1)^  to  4  inches  in  diameter,  but  either  the 
screening  was  carelessly  done  or  the  slag  had  disintegrated,  as  much  material 
under  1^  inches  was  observed  on  inspection. 

The  distribution  system  from  the  24-inch  siphon  consists  of  four  main  12-inch 
terra-cotta  feed  lines  encased  in  concrete.  These  four  lines  extend  one-fourth, 
one-half,  three-fourths,  and  the  full  length  of  the  filters,  supplying  the  first, 
second,  third,  and  fourth  quarter,  respectively.  All  are  controlled  by  separate 
valves.  From  the  main  feed  lines,  6-inch  terra-cotta  laterals,  encased  in  con- 
crete, are  nm  on  the  bottom  of  the  filter  at  14-foot  centers.  The  risers,  4-ineh 
cast-iron  pipes,  are  spaced  13  feet  8  inches  on  the  laterals.  Iron  plates  are  bolted 
to  the  tops  of  the  risers,  and  the  218  nozzles,  Reading  type,  are  screwed  into 
these  plates.  *As  the  nozzles  are  staggered  on  alternate  feed  lines,  the  diagonal, 
distance  between  nozzles  is  about  15  feet  4  inches  as  against  13  feet  8  inches 
between  two  nozzles  on  the  same  lateral.  As  the  original  design  called  for  6 
feet  of  filtering  material  and  only  4H  f^^  was  placed,  the  risers  project  about  a 
foot  to  18  inches  above  the  beds. 

FiUer  No.  2. — This  filter  built  in  1909  was  the  second  one  to  be  installed.  The 
concrete  floor  slopes  from  a  central  gallery  toward  the  two  sides,  dropping  9 
inches  in  about  100  feet.  On  this  floor,  following  the  slope,  are  the  lateral  col- 
lecting drains  consisting  of  6-inch  half  tile  laid  with  a  1-inch  space  between  two 
adjacent  lines  and  with  joints  staggered.  These  discharge  into  the  two  main 
drains,  one  on  each  side  of  the  filter,  each  2  feet  deep  with  circular  invert  molded 
into  the  bottom  of  the  filter.  These  drains  have  a  slope  of  about  5  per  eenl 
They  discharge  into  a  24-inch  pipe  running  across  the  lower  end  of  the  filter  and 
emptying  into  the  secondary  sedimentation  tank. 

The  main  feed  line  is  a  24-inch  pipe  running  down  the  center  of  the  filter  under 
the  gallery,  which  is  about  4  feet  wide  by  6}^  feet  high.  The  lateral  distributoTB, 
6-inch  tile  pipe,  are  taken  off  the  main  feed  line  at  12-foot  4-inch  centers,  each 
line  being  controlled  by  a  6-inch  gate  valve  located  in  the  filter  gallery.  The 
risers,  3-inch  cast-iron  pipe,  are  taken  off  the  lateral  distributors  every  12J^  feet 
by  6  by  6  by  3  inch  virtified  tees,  the  connection  being  surrounded  by  a  block 
of  concrete.    Risers  on  adjacent  laterals  are  staggered.    The  top  of  the  riser  is 
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flanged,  and  a  cap  into  which  the  nozzles,  Weand  type,  arc  screwed,  ia  bolted 
to  this  flange.  This  filter  has  254  nozzles  spaced  12^  feet  on  the  same  lateral, 
but  with  a  diagonal  distance  between  nozzles  on  adjacent  laterals  of  about  13 
feet  7  inches. 

The  filtering  material  consists  of  local  feldspar,  of  6  feet  3  inches  to  7  feet  deep 
at  the  center  and  sides,  respectively,  of  specified  1  to  2}/i  inch  size.  As  in  the 
case  of  filter  No.  1,  it  was  observed  that  there  was  considerable  material  less 
than  1  inch.     This  stone  breaks  into  flat  pieces  with  parallel  cleavage  planes. 

FiUer  No.  5. — This  filter,  oonstructed  in  1915,  was  the  last  one  built.  It  is  the 
same  design  as  filter  No.  1,  except  for  the  filtering  material  which  consists  of 
5  feet  of  3-inch  slag.  This  material  was  carefully  screened  and  is  all  of  a  very 
tuiform  size. 

Filter  No,  4, — This  filter,  constructed  in  1907,  was  the  first  one  installed.  The 
bottom  of  the  bed,  which  is  of  concrete,  slopes  1  foot  from  both  ends  of  the  bed 
to  a  central  trough  across  the  bed.  This  trough  is  2  feet  wide  and  4  inches  deep 
at  the  sides  sloping  to  12  inches  deep  at  the  center.  At  right  angles  to  this 
trough  6-inch  half-tile  laterals  are  run  on  10-inch  centers  up  the  sloping  bottom 
to  the  ends  of  the  filter.  Concrete  slabs  36  inches  square,  supported  by  sills 
over  the  ends  of  the  half -tile  laterals,  cover  the  central  trough.  Around  and  over 
the  lateral  drains  are  laid  large  pieces  of  slag  5  to  6  inches  in  diameter.  The  30- 
ineh  effluent  pipe  runs  from  the  center  of  the  collecting  trough  under  the  filter 
floor  to  the  secondary  sedimentation  tank. 

The  filtering  material  consists  of  s|>eclfied  1^  to  4  inch  slag  5  feet  deep.  Either 
the  slag  has  disintegrated  or  the  screening  was  poorly  done,  for  there  is  consid- 
evable  material  less  than  l)^-inch  size  most  of  which  is  too  small  for  a  filter  of 
this  type. 

The  distribution  system  consists  of  a  30-inch  tile-pipe  feed  line  across  96  feet 
of  the  inlet  end,  but  outside  the  bed.  From  one  end  a  30-inch  tile  pipe  and  from 
the  other  end  a  28-inch  square  conduit  extends  to  the  center  of  the  filter  and  con- 
Dceta  with  a  24-inch  header  across  the  entire  width  of  the  filter.  This  header  is 
divided  into  four  sections  by  valves  on  either  side  of  the  two  influent  lines,  each 
section  serving  one-quarter  of  the  filter.  From  the  24-inch  header  are  taken  8- 
inch  lateral  distributors  on  13-foot  9-inch  centers.  These  are  embedded  in  con- 
crete. The  4-inch  risers  fit  into  tees  on  the  84nch  lines,  and  are  set  on  14-foot 
2-ioch  centers.  As  the  risers  are  staggered,  there  is  a  diagonal  distance  of  about 
15  feet  5  inches  between  risers  on  alternate  lines.  The  218  nozzles,  Weand  type, 
screw  into  plates  bolted  to  the  top  of  the  risers.  As  the  risers  were  built  for  a 
6-foot  depth  of  filtering  material  instead  of  the  5  feet  actually  placed,  they  project 
about  a  foot  above  the  surface  of  the  filter. 

Steendary  alimentation  tanke. — Each  filter  has  a  secondary  sedimentation  tank 
oooBtnicted  at  the  same  time  as  the  filter.  While  similar  in  general  plan,  the 
details  are  sufficiently  different  to  warrant  individual  description. 

Tank  for  fiUer$  Nos.  1  and  S, — ^In  plan  this  tank  is  about  96  by  100  feet,  with 
the  sides  vertical.  It  is  3  feet  deep  at  the  inlet  end,  sloping  to  4^  feet  at  the 
outlet  end,  where  there  is  a  sump  to  which  sludge  is  pushed  when  cleaning  the 
tank,  and  from  which  it  is  pumped  by  a  small  portable  gasoline  engine  driven 
pump.  There  ia  provided  a  6-inch  drain  valve  to  take  off  the  supernatant  liquor 
over  the  sludge  before  its  removal. 

Sewage  enters  through  four  12-inch  pipes  from  the  24-inch  line  from  the  filter. 
The  discharge  ia  over  a  weir  into  a  concrete  trough,  from  which  a  24-inch  pipe 
leads  to  the  river.  There  are  no  baffles  or  scumboards.  The  available  capacity 
ii  about  300,000  gallons. 
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Tank  for  fiUer  No.  2. — This  tank  is  approximately  110  by  95H  ^eet  in  plAO  and 
3}^  to  4  feet  deep  at  the  inlet  end,  sloping  to  5  feet  at  the  outlet.  The  side  w&Ds 
are  on  a  1  to  1  slope.  Arrangements  for  cleaning  are  the  same  as  described  for 
the  tank  for  filter  No.  1. 

Sewage  enters  through  eight  valved  12-inch  pipes  taping  the  244nch  effluent 
pipe  from  the  filter  which  runs  parallel  with  the  inlet  end  of  the  tank.  The  out- 
let arrangement  is  the  same  as  the  tank  for  filter  No.  1.  There  are  no  baffles  or 
scumboards.    The  capacity  is  about  900,000  gallons. 

Tank  for  fiUer  No.  4- — This  tank  is  the  same  as  that  for  filter  No.  2,  except 
that  the  inlet  consists  of  four  openings  from  the  effluent  pipe  of  the  filter. 

Sludge  beds, — There  are  no  specially  prepared  sludge  beds.  The  sludge  and 
scum  from  the  septic  tank  are  run  onto  a  large  low-lying  sandy  area  which  Is 
cleaned  once  a  year.  Several  doses  are  given,  one  on  top  of  the  other,  but  as 
the  area  is  fairly  large  it  has  been  able  to  handle  all  sludge  so  far. 

The  sludge  from  the  secondary  sedimentation  tanks  is  also  api^ed  to  land 
near  the  tanks.  This  land  was  originally  cleaned  of  vegetation,  but  at  the  time 
of  inspection,  July,  1920,  it  was  entirely  covered  with  a  rank  growth  of  weeds. 
Because  of  the  amount  of  land  available,  however,  it  has  been  possible  to  handle 
all  the  sludge  by  this  method,  which  might  best  be  described  as  a  cross  between 
lagooning  and  bed  drying. 

Disinfection. — When  work  is  being  done  on  the  tanks  or  filters  or  the  treatment 
devices  thrown  out  for  any  reason,  and  when  the  sewage  flow  exceeds  the  capacity 
of  the  pipe  from  the  tank  to  the  filters,  the  sewage  is  pumped  direct  to  the  canal  at 
the  pimiping  station.  At  such  times  calcium  hypochlorite  is  applied  to  the  sewage. 
The  dosing  apparatus  stands  in  the  open  on  the  bank  of  the  canal  and  consists  of 
two  50-gallon  barrels,  one  of  which  Is  free  and  the  other  connected  by  a  feed  line  to 
the  discharge  pipe  Into  the  canal.  Fifty  pounds  of  the  hypochlorite  are  mixed  in 
the  free  barrel  and  dumped  Into  the  stationary  one,  from  which  it  is  fed  through  a 
small  hand-controlled  valve  to  the  sewage  at  a  nominal  rate  of  150  pounds  of 
hypochlorite  per  million  gallons,  or  about  4J^  to  6  parts  per  million,  but  with  do 
retention  or  contact  period  for  the  reaction.  It  is  very  doubtful  whether  t^ 
treatment,  as  used  here,  is  of  much  value. 

By-pasees. — There  are  many  points  at  which  it  is  possible  to  by-pass  sewage 
direct  to  the  river.  At  the  pumping  station  the  sewage  can  be  discharged  direct 
to  the  river  through  the  canal.  It  is  possible  to  by-pass  the  septic  tank  entirely 
or  to  turn  the  effluent  from  the  tank  Into  the  river,  by-passing  the  filters.  The 
filter  effluent  can  in  turn  be  carried  around  the  secondary  sedimentation  tank. 
The  overflow  at  the  septic  tank  has  already  been  mentioned. 

Laboratory. — A  small  laboratory  building  is  provided  at  the  filter  plant  installa- 
tion on  Fritz's  Island,  but  all  anal3rtical  work  is  done  in  the  board  of  health 
laboratory  at  the  city  hall  to  which  the  samples  are  taken,  the  chemist  seldom 
visiting  the  plant  Itself. 

X.   ROCHBSTBB,   N.   Y. 
A.    BRIGHTON   PLANT 

Grit  chamber. — Sewage  Is  received  at  the  plant  through  a  24-lnch  gravity  Hue. 
This  discharges  into  a  small  distributing  chamber  from  which  it  can  be  diverted 
into  any  one  of  three  parallel  grit  chambers  by  shutter  gates  opening  in  three 
directions.  The  middle  chamber  has  a  straight  flow  throughout,  but  the  sewage 
enters  the  two  side  chambers  perpendicular  to  their  longitudinal  axis.  In  ever? 
case,  however,  the  sewage  passes  through  a  vertical  shutter  distributing  baffle 
with  adjustable  openings  into  the  grit  chamber  proper.  The  over^aU  outside 
dimensions  of  the  three  grit  chambers  with  their  Inlet  and  outlet  channels  are  33 
by  21  feet.    The  effective  dimensions  are,  however,  much  smaller.     For  eacik 
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(ikunber,  na^eoting  the  Inlet  and  outlet  channels  and  termlninatmg  at  the  foot  of 
the  tctveaa  (to  be  described  later) ,  the  efitective  length  is  but  little  over  9  feet  and 
the  width  4  feet.  The  bottom  is  in  the  shape  of  a  trajteioidal  hopper,  into  which 
Gtc  a  l-yard  oontainer  which  is  removable  by  a  chain-falls  on  a  traveling  crane. 
Over  tttia  is  a  f  alae  bottom  made  of  a  longitudinal  wooden  grating  of  2-inch  bars 
with  1-inob  clear  opening.  This  is  pivoted  at  the  apstream  end,  the  downstream 
end  being  adjustable  vertically  to  vary  the  depth  of  the  channel  with  the  flow  of 
tbenwage. 

&Te«n. — Near  the  outlet  of  the  grit  chambers  the  sewage  passes  under  an 
adjustable  scum  board  and  onto  an  inclined  cast-iron  bar  screen,  with  clear  open- 
ing of  ^  inch. 

After  the  plant  had  been  operating  a  short  time  it  became  evident  that  very 
little  grit  waa  being  carried  in  suspenuon.  One  grit  chamber  was,  therefore, 
remodeled  to  act  merely  as  an  tnlet  channel  to  the  screen.  The  width  waa  reduced 
snd  the  velocity  thus  increased.  The  plant  is  at  present  operating  without  grit 
ehuabers,  the  unconverted  chambers  being  held  to  take  care  of  any  unusual 
situation,  when  an  eiceesive  amount  of  grit  Is  carried  into  the  sewage  through  a 
break  In  the  seven,  or  at  time  of  new  construction  work. 

From  the  screens  the  flow  is  over  a  spillway  into  a  common  discharge  chamber. 
There  la  also  an  emergency  spiUway  around  the  screens  into  this  chamber  to  pre- 
vent overSow  in  case  the  screen  should  become  clogged.  The  outlet  of  the  dis- 
charge chamber  is  a  16-lncfa  casUlron  pipe  with  a  flaring  mouthpiece  which  leads 
to  the  Pelton  water  wheel  In  the  operating  house  69  feet  below  and  a  distance  of 
about  600  feet. 

In  case  the  wheel  should  be  stopped,  the  discharge  cham 
overflow  Into  a  brick  manhole  from  which  is  run  a  12-Inch 
operating  bouse,  but  around  the  Pelton  wheels.  In  the  □ 
is  a  6-inch  valve-controlled  connection  between  the  two  pip( 
pipe  can  be  blown  out  through  the  12-inch  one. 

Two  lO-inch  pipee,  reducing  to  6-inch,  are  taken  off  the 
to  the  water  wheels,  only  one  of  which  has,  however,  beei 
charge  from  tbe  water  wheel  enters  the  chamber  which  also 
the  12-incli  overflow  pipe,  and  from  there  Is  sent  to  the  Imh 
tre  so  arranged  that  the  sewage  can  be  sent  into  either  end  < 
can  by-pass  it  altogether.  There  is  also  an  overflow  wei 
chambera  of  the  Pelton  wheel  to  the  effluent  channel  from 

Ail  valves  and  partitions  of  the  inlet  and  outlet  channels  c 
controlled  from  and  contained  under  tbe  floor  of  the  power 

Imhoff  lank. — The  Imhoff  tank  is  a  combination  of  the  cir 
types.  Tbe  side  walls  32  feet  6  inches  long  are  parallel,  I 
scnurirclea  with  15-foot  radii.  The  over-all,  inside  dimens 
Length,  62  feet  6  inches;  width,  30  feet;  maximum  depth,  37 
(idee  and  40  feet  to  the  top  of  the  gas  vents. 

There  is  but  one  Sow  chamber,  24  feet  wide,  with  an  effei 
and  maittmiim  depth  of  19  feet.  The  flow  line  is  2  feet  beloi 
No  curvature  is  made  in  the  side  walls  of  tbe  flow  chamb 
the  curved  ends  of  the  tank  and  extend  3  feet  above  the  to 
•re  vertical  for  9  feet  below  tbe  flow  line.  The  bottom 
design  and  construction.  From  the  bottom  of  the  vertical  i 
■lope  toward  the  center  for  a  horizontal  distance  of  3.3  f 
with  a  triangular  beam,  a  slot  with  a  6-inch  slant  openin 
beam  is  1.6  feet  above  and  one-half  foot  inside  tbe  slot.  Tl 
beam  Is  extended  at  the  same  slope  of  1  to  l>i  to  a  &-inoh  si 
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with  a  central  triangular  beam.    In  this  way  the  bottom  has  four  dots.    Hie 
advantages  claimed  for  the  design  are: 

(1)  A  maximum  settling  area  with  a  ma3dmum  sludge  digestion  volume  for  a 
given  width  and  depth. 

(2)  The  bottom  can  be  oast  in  reasonable  size  slabs  of  uniform  size  at  a  con- 
venient place  where  the  best  possible  finish  can  be  put  on  them,  and  when  cured, 
can  be  set  in  the  tank. 

Outside  of  an  inlet  and  outlet  scum  board  there  are  no  baffles  in  the  flow  cham* 
ber.  The  scum  boards  are  made  of  galvanized  iron  and  extend  down  3  feel 
Attached  to  the  bottom  of  these  boards  are  extensions  of  one-fourth  inch  wire 
mesh  for  the  purpose  of  catching^  particles  carried  down  by  the  current  below  the 
solid  portion. 

The  inlet  and  outlet  weirs  are  10  feet  long.  The  total  capacity  of  the  flow 
chamber  from  the  flow  line  to  the  apex  of  the  lowest  slot  is  20,400  cubic  feet,  or 
153,000  gallons. 

Below  the  flow  chamber  the  digestion  chamber  has  a  total  depth  of  16  feet,  of 
which  6  feet  is  in  the  hoppers.  There  are  two  hoppers  separated  by  a  baffle  walL 
Each  hopper  is  30  feet  wide  and  30  feet  long  at  the  top,  one  end  being  semicircular 
with  a  15-foot  radius  to  conform  to  the  ends  of  the  tank.  The  bottoms  slope  to  a 
point  on  a  2^  to  1  slope.  Each  hopper  has  an  8-inch  cast-iron  outlet  pipe  which 
starts  very  close  to  the  center  of  the  hopper,  centering  7  inches  inside  of  the  trans- 
verse center  lines,  and  extends  without  bends  to  the  side  of  the  tank  through 
which  it  is  carried  by  a  Y  connection,  the  main  pipe  also  passing  straight  throu^ 
the  tank  wall  to  above  the  flow  line  for  cleaning  purposes.  A  5-foot  hydraulic 
head  is  available  over  the  outlet. 

Around  and  halfway  up  the  hoppers  is  provided  a  2-inch  pipe  perforated  on 
the  bottom  which  is  available  for  use  with  both  air  and  water  for  agitation  of  a 
sludge.  A  half-inch  pipe  connection  is  also  provided  for  introducing  both  air 
and  water  into  the  outlet  pipe.  The  total  capacity  of  the  sludge  chamber  from 
the  bottom  of  the  hoppers  to  the  overlap  of  the  lowest  slot  in  the  flow  chambers  is 
18,025  cubic  feet. 

Dosing  tanks. — From  the  Imhoff  tank  the  sewage  passes  to  the  siphon  chamber 
through  the  effluent  channel  under  the  operating  house.  The  siphon  chamber  dis- 
charges into  the  dosing  tanks  alternately.  For  operating  purposes  the  siphon 
chamber  actually  extends  back  and  includes  a  section  of  the  effluent  channel.  At 
the  end  of  the  effluent  channel  the  sides  flare  out  from  an  inside  width  of  4  feet  to 
an  inside  width  of  27  feet  in  a  length  of  1 1 H  feet.  Within  this  triangular  chamber 
are  installed  four  20-inch  Miller  siphons  each  rated  to  discharge  5,000  gallons  per 
minute  under  a  2-foot  head.  Only  two  of  these  are  in  use  at  present,  the  other 
two  b^g  held  for  future  filter  installation. 

These  siphons  operate  in  rotation,  each  discharging  into  a  separate  dosing  tank 
for  one  filter  unit.  The  dosing  tanks  are  6  feet  wide,  18  feet  long,  and  5H  feci 
deep  at  the  inlet,  sloping  to  10)^  feet  at  the  outlet,  where  the  main  feed  line  to 
the  filter  leaves  the  tank  flush  with  the  bottom.  Both  the  siphon  chambers  and 
dosing  tanks  are  covered  by  a  concrete  platform  roof. 

The  effluent  from  the  Imhoff  tank  collects  in  the  siphon  chamber,  backing  up  in 
the  tank  effluent  channel  till  the  level  at  which  the  siphon  acts  is  reached.  The 
proper  siphon  then  discharges  into  its  dosing  tank  which  at  that  time  is  empty. 
The  flow  continues  until  the  siphon  breaks  after  discharging  the  stored  or  backed 
up  sewage,  plus  the  flow  from  the  Imhoff  tank  during  the  period  of  discharge.  It 
is  thus  evident  that  the  duration  of  and  volume  of  any  dose  depend  upon  the  rate 
of  flow  from  the  tank.  In  heavy  flows,  therefore,  the  doses  applied  to  the  filtov 
not  only  occur  more  frequently  but  are  of  longer  diu^tion. 
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As  Uifl  dosiiig  tanks  are  empty  at  the  moment  of  discha^e  of  the  siphon,  the 
Doule*  start  operating  under  a  minimum  bead.  This  quickly  builds  up  as  the 
flow  tluoogh  the  siphon  is  in  excess  of  that  through  the  filter  nozilee.  The  noxzle 
discharge  increasea  while  the  dphon  disoharge  deoreoaea  as  the  bead  over  it  is 
lowered.  After  the  stphon  breKks,  the  head  on  the  trioklers  gradually  drops  till 
ibe  dosing  tank  is  empty. 

As  will  be  disauased  later,  the  surface  of  the  filter  is  sloped  away  from  the  dosing 
tank  to  compensate  for  the  loss  of  head  in  the  distributing  lines.  The  hydro- 
•tetie  bead  on  tite  filters  runs  from  0  to  7  feet  and  back  to  0  during  each  dose. 

As  stated  before  in  connection  with  the  siphons  the  dosing  tank  installation  is  for 
four  filt«r  units,  but  only  two  of  them  have  been  Installed  at  the  present  time. 

Triekliitf  fiUtr». — The  filters  are  of  the  trickling  type.  There  are  two  units  each 
189  feet  long  and  116  feet  wide,  giving  an  area  of  &  half  acre  each.  The  nozzles  are 
of  the  Columbus  type,  but  during  the  winter  a  spreader  Is  used  to  give  a  flatter 
trajectory  similar  to  the  Worcester  nozsle.  These  are  q>aced  14  feet  4  inches 
center  to  center  staggered  on  parallel  lines  to  ^ve  the  proper  diagonal  distance  of 
14  feet  4  iocbea  between  noitles  on  parallel  lines.  There  are  a  total  of  113 
■prioklen  on  each  unit,  the  outside  ones  being  7  feet  6  inches  from  the  walls. 

As  stated  before,  to  partially  compensate  for  frictional  losses  in  the  distribution 
system,  the  surface  is  laid  with  a  slope  of  1  foot  in  200  in  both  the  longitudinal 
and  transverse  directions. 

The  distribution  system  for  each  filter  consists  of  a  ]2.4ncb  caat-iron  mun  line 
located  in  the  filter  gallery  which  lies  between  the  two  filters.  From  this  line 
flfteen  6-faich  laterals  are  taken,  each  feeding  7  or  8  sprlnkln^  set  in  2.4nch  cast- 
iron  risers.  Each  lateral  b  separately  controlled  by  a  valve  in  the  filter  gallery 
•nd  has  a  quick-opening  valve  at  its  lower  end  whereby  the  tine  is  flushed  daily. 
l^ie  laterals  are  supported  on  piers  3  feet  hi^. 

The  filter  gallery  proper  is  8  feet  wide  and  over  6  feet  high,  well  lighted  with  a 
window  over  each  lateral  connection.  Within  this  gallery  at  its  lower  end  is 
located  a  Oould  triplex  pump,  gear  connected  to  a  direct-current  motor  for  pump- 
ing the  effluent  from  the  secondary  sedimentation  tanks  around  the  plant  for  use 
where  it  can  be  sulMtituted  for  water.  In  designing  t 
attention  was  given  to  arranging  pipes  so  as  to  use  stand 
specials. 

The  filtering  material  is  dense  limeatone  of  a  specified  uni 
a^ng  6  feet  in  depth.     Care  was  taken  to  secure  the  size  s 

The  underdrains  are  laid  lengthwise  with  the  bed,  at  ri 
tributora.  They  eonsist  of  ft-inch  tile  laid  on  a  1  to  201 
feet  2  inches  apart,  the  bottom  being  sloped  toward  them. 
direct  into  the  secondary  sedimentation  tank.  It  is  pose! 
stream  of  water  or  final  plant  effluent  into  the  upper  ends 
lower  Kkds  are  accessible  for  rodding. 

With  the  present  sewage  flow  there  la  no  need  of  opeiatii 
continuously.  In  1919,  with  an  average  flow  of  about  1.1 
cent  of  the  noules  were  in  service.  It  is  customary  to  all 
the  filter  to  lie  idle  each  day,  but  to  rotate  these  sections  a 
is  benefited  by  the  available  excess  capacity. 

Seeondarj/  udimentation  tanki, — Following  the  trickling  fi 
effluent  direct  from  the  individual  underdrains  are  the  two 
UoD  tanks,  one  for  each  filter.  These  tanks  are  116  feel 
with  a  depth  sloping  from  2  feet  to  4  feet.  The  inlet  side  o 
to  the  filtere  and  the  outlet  end  is  along  the  filter  gallery, 
end  adjacent  to  and  at  right  angles  to  the  inlet.  The  i 
drains  from  the  filters  thus  has  settling  or  flow  distance) 
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few  feet  to  over  115  feet.  The  outlet  is  in  the  fonn  of  a  weir  extending  serom 
a  30-foot  end  of  the  tank.  This  weir  is  protected  from  scum,  and,  in  the  winl«r- 
time,  from  ice  by  a  curtain  wall  extending  about  18  inches  below  the  flow  line. 
The  available  capacity  of  each  tank  is  75,000  gallons,  or  about  two  hours  with 
the  filters  operating  at  2  m.  g.  d. 

Six-inch  valved  pipes  to  the  effluent  channel  enable  the  complete  drawing  off  of 
the  sewage,  after  which  the  sludge  can  be  flushed  or  puriied  to  a  2-fooi  sluice 
gate  and  discharged. 

Sludge  diapoaal, — Under  the  original  plans  a  two-unit  sludge  bed  was  eon- 
structed  adjacent  to  the  Imhoff  tank.  Each  unit  is  30  feet  by  56  feet.  The 
bottom  consists  of  6  inches  of  puddled  clay.  Over  this  is  laid  6  inches  of  three- 
fourth  inch  broken  stone,  then  4  inches  of  pand  and  gravel  under  1  incdi,  and 
finally  the  surface  of  2  inches  of  screened  sand. 

The  bed  is  drained  by  2-inch  tile  on  a  0.5  per  cent  grade  toward  the  dividing 
wall,  where  there  is  provided  a  6-inch  collector  which  discharges  into  the  sec* 
ondary  sedimentation  tanks. 

With  an  area  of  3,360  square  feet  and  an  assumed  population,  allowing  for 
growth  of  10,000,  the  design  was  based  on  about  one-third  square  foot  per  eapita. 

In  1918  the  use  of  the  sludge  beds  was  temporarily  dispensed  with  and  a  12- 
inch  line  laid  from  the  tank  to  a  hollow  to  the  north  of  the  plant,  where  dudge 
was  lagooned.  No  objectionable  condition  has  resulted  from  this  procedure,  the 
lagoon  being  well  screened  by  trees  from  the  plant  or  from  any  other  territory 
likely  to  be  affected.' 

Final  effluent  pipe. — Sewage  from  the  secondary  sedimentation  tanks  are  car^ 
ried  by  a  124nch  pipe  about  1,000  feet  to  a  submerged  outlet  in  the  main  channel 
of  Irondequoit  Creek  three-fourths  mile  above  the  head  of  Irondequoit  Bay,  an 
arm  of  Lake  Ontario.  For  most  of  this  distance  there  is  a  second  pipe  laid  pmDd 
and  2  feet  distant  from  the  first.  This  is  a  provision  for  the  future,  but  serves 
as  a  spare  in  case  of  trouble  in  the  first  pipe. 

B.    IBONDEOUOIT   PLANT 

Sewage  is  received  at  the  plant  In  a  rectangular  sewer  10  feet  wide  by  4}^  to  5H 
feet  deep,  the  bottom  being  curved  on  a  13-foot  radius. 

Included  in  the  sewerage  system  tributary  to  the  plant  are  two  sand  catchers 
with  coarse  bar  screens.  During  the  years  191 8  and  1919,  an  average  of  100  cubic 
yards  per  year  was  removed  from  these. 

The  flow  of  sewage  is  measured  through  a  Venturi  meter  about  800  feet  from  the 
inlet  to  the  plant. 

Screens. — At  the  treatment  plant  the  sewage  passes  through  one  of  two  bar 
screens  with  3-inch  clear  openings  into  the  grit  chambers,  each  screen  serving 
three  grit  chambers. 

Grit  chambers. — These  are  arranged  in  two  parallel  batteries  of  three  chambers 
each,  all  independently  controlled  by  36  by  60  inch  sluice  gates  and  all  with 
separate  outlet  channels.  WhUe  there  are  six  chambers  in  the  installation  only 
the  four  inside  ones  are  used,  the  two  outside  ones  being  held  for  future  enlarge- 
ment of  the  plant.  With  the  excess  capacity  over  present  requirements  of  the 
four  operating  chambers  and  the  two  unused  ones,  there  is  capacity  available  to 
double  the  size  of  the  plant. 

Each  chamber  is  90  feet  long,  10  feet  wide,  and  9  feet  deep.  A  2-foot-wide 
channel  in  the  center  of  the  bottom  extends  the  entire  length  of  the  chambtf 
sloping  both  ways  to  a  16-inch  drain  at  the  middle.  This  channel  contains  as 
8-inch  tile  drain  overlaid  by  IH  to  IH  feet  of  sand  and  gravel,  by  which  it  was 

>  Biiioe  furvvy  w  aa  made  the  use  of  the  piepered  sludgo  bedi  has  been  retomMi . 
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iatatided  to  dnlo  the  grit  before  remoTing  !t.     The  remainder  of  the  bottonu  of 
the  eluunben  is  vitrified  brick. 

tar  eteantag  the  chambera,  tracks  have  been  laid  between  them  for  an  "A" 
Cmnedeniclc.  Withthis  the  drainage  ByBtem.aa  described  above,  ie  not  used  now 
rif  ning  being  done  with  the  chambers  standing  full  of  sewage. 

The  bottom  of  the  grit  chamber  is  about  2  feet  9  inches  below  the  level  of  the 
outlet  cbannel.  It  was  stated  that  grit  should  not  be  removed  till  It  was  about  3 
feet  deep.  Up  to  this  point  considerable  aludge  is  deposited  at  the  outlet  and  it  is 
iiiiHiMiiji  to  displace  this  with  grit  and  to  allow  it  to  wash  out  before  removing 
grit. 

Fina  tereetu. — The  sewage  from  the  grit  chamber  enters  short  channels  21  feet 
long,  5  feet  wide,  and  6  fe«t  3  inches  deep,  which  discharge  onto  Rienech-Wurl 
scieena.  These  screens  are  arranged  in  parallel,  there  being  no  connection  be- 
tween them,  and  each  is  served  hy  a  grit  chamber  which  can  not  serve  any  other 
screen.  There  are  four  screens  in  place  at  the  present  time,  two  with  one- 
sixteenUi  by  2  inch  slots,  one  with  one-eighth  by  2  inch,  and  one  with  three^ighths 
by  2  inch.  The  screens  are  all  12  feet  in  diameter  with  a  frustum  of  a  cone  at  the 
oenter,  and  are  inclined  30*  from  the  horizontal.  They  are  of  the  bascule  type 
suspended  from  steel  bridges,  with  no  submerged  bearings.  Each  screen  is 
driven  by  an  independent  motor. 

The  three-eighth  and  one-eighth  inch  screens  were  originally  used  as  a  prelimi- 
nary treatment  to  ImhoS  tank  sedimentation  during  normal  flow  and  the  two 
one-aixteenth  inch  were  used  at  times  of  storm  flow  and  constituted  the  entire 
treatment  of  the  excess  storm  flow  at  such  times,  the  effluent  by-passing  the 
Imhoff  tank  and  going  direct  to  lAke  Ontario.  At  the  present  time  either  set  Is 
DOW  uaed  ahead  of  the  ImhoS  tanks. 

Hie  screexis  are  cleaned  by  brushes  on  revolving  spider  arms  which  rotate, 
carrying  the  brushes  over  the  surface  of  the  screen  exposed  above  the  sewage. 
The  cone  section  is  cleaned  by  brushes  which  deflect  the  screenings  to  the  plate 
aectiOD  of  the  screen,  where  they  are  picked  up  by  the  revolving  brushes  men- 
tioned above. 

Hie  brushes  carry  the  screenings  to  a  belt  con\ 
hopper  from  which  small  cars  carry  them  to  the 

The  one-eighth  and  one-sixteenth  inch  screens  w' 
years  ahowed  considerable  evidence  of  wear,  esp< 
are  cut  in  the  metal  by  the  brushes  rubbing  over  th 
nnd  or  grit  is  picked  up  and  held  on  the  screens  an 
brushea.  It  was  estimated  that  in  another  three  ; 
the  plates  would  have  to  be  renewed.  A  set  of  : 
months. 

COTifiMtin^r  channeU. — The  effluent  channels  fro 
7feet  deep,  unite  to  form  the  influent  channel  to  tl 
channel  is  controlled  by  a  SO  by  60  inch  sluice  g 
connected  by  gate-controlled  openings.  One  fee 
constructed,  and  the  other  is  for  a  duplicate  set  of 
oonditiona  require  them.  The  latter  may  also  can 
ing  the  tanks. 

These  channels  are  494  feet  long,  7  feet  wide  at 
hiht  to  two  tanks  to  a  final  width  of  2  feet.  Th( 
length  and  the  bottom  is  fiat. 

From  this  main  feed  channel  the  laterals  are 
25  feet  wide  by  6  feet  deep.  They  connect  wit! 
and  discbarge  into  either  a  channel  running  acn 
from  which  the  sewage  is  taken  over  a  weir  or 
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length  of  the  tank  to  an  inlet  channel  across  the  far  end  similar  to  the  one  aeron 
the  near  end.  Whichever  one  is  the  inlet » the  other  one  serves  as  the  oattei  ot 
effluent  channeL  The  flow  into  the  channels  from  the  main  feed  channel  ia 
controlled  by  float-operated  sluice  gates  so  that  each  tank  gets  its  proper  |no- 
portion  of  the  flow.  There  are  two  effluent  channels  from  the  tanks,  one  at 
the  center  and  the  other  at  the  comer,  adjacent  to  the  influent  ciiannel  from 
the  main  feeder.  These  channels  lead  to  the  main  effluent  channel  located 
beneath  the  lateral  feed  channels. 

Flow  is  reversed  by  quick-acting  sluice  gates.  Byi^passing  may  be  done  from 
the  main  influent  to  main  effluent  channels. 

The  main  effluent  channel  is  10  feet  6  inches  wide  by  If  feet  deep  at  the  inki 
end  and  4  feet  deep  at  the  outlet.  It  is  divided  into  two  sections,  one  3  feet 
and  the  other  6  feet  wide,  by  an  -overflow  weir  wall.  The  normal  flow  is  takeo 
by  the  3-foot  channel,  but  when  its  capacity  is  exceeded  the  surplus  flows  over 
the  dividing  wall  into  the  6-foot  channeL 

Imhojf  tanks, — There  are  in  all  10  tanks  arranged  in  five  units  of  2  each,  but 
each  tank  is  entirely  independent.  Sewage  enters  the  tanks  over  23-fooi  wein 
located  at  both  ends  of  the  tanks  and  serving  either  as  inlet  or  outlet  weirs  de^ 
pending  on  the  direction  of  flow  in  the  tanks. 

The  tanks  themselves  are  110  feet  long  35  feet  wide  and  39  feet  deep.  The 
flow  line  is  5  to  6  feet  below  the  top  of  the  tank. 

Each  tank  has  two  flow  channels  10  feet  wide  and  16  feet  deep.  Of  this  d^>tii, 
the  sides  are  vertical  for  10}  feet  and  then  slope  on  a  1  to  1.4  slope  for  5i  feet 
to  the  slot.  As  stated  before,  however,  the  crest  of  the  weir  is  5i  feet  below  the 
top  of  the  tank,  so  that  there  is  available  for  sewage  a  depth  of  only  lOi  feet 
The  sludge  slot  is  of  the  double  type,  formed  by  the  two  sloping  sides  with  the 
sides  of  the  triangular  beam  running  longitudinal  with  the  tank.  The  cleir 
opening  is  8  inches. 

The  total  volume  of  each  flow  channel  is  15,300  cubic  feet,  but,  as  the  flow 
line  is  so  low,  the  available  capacity  to  the  crest  of  the  weirs  is  only  0,240  eubie 
feet,  or  69,000  to  70,000  gallons.  The  working  capacity  depends  upon  the  held 
on  the  weirs. 

The  digestion  or  sludge  chamber  of  each  tank  is  35  feet  wide  and  21  feet  deep; 
of  this  depth  8  feet  is  in  the  hoppers,  of  which  there  are  three,  each  35  feet  squve 
on  the  top,  and  3  feet  9  inches  by  3  feet  on  the  bottom,  the  slope  being  1  to  2. 
All  the  digestion  chambers  are  connected  by  openings  in  the  walls  between  the 
hoppers,  which,  except  for  this  opening,  are  solid  across  the  entire  tank  bdov 
and  around  the  flow  channels.  The  opening  is  8  feet  high  by  35  feet  wide  it 
the  top  of  the  hopper  where  it  extends  across  the  tank,  but  its  sides  slope  to  in 
18-foot  width  at  the  top.  Each  hopper  has  an  84nch  sludge  pipe  extending 
diagonally  upward  through  the  side  wall  and  discharging  into  a  channel  betweeo 
each  of  the  two  tanks  of  each  unit.  Around  each  hopper  are  two  water  lines  of 
l}-inch  perforated  pipe.  These  are  located  vertical  distances  of  1  and  6  feet 
from  the  bottom  of  the  hopper.  These  are  used  regularly  to  agitate  sludge  md 
when  removing  it,  and  are  considered  essentiaL 

Each  tank  has  three  gas  vents,  one  on  each  side,  running  the  full  length  of  the 
tank,  2J^  feet  wide,  and  the  third,  3J^  feet  wide,  down  the  center,  but  lacking  10 
feet  at  each  end. 

There  are  two  scum  boards  located  about  12  feet  from  each  end  and  extending 
down  about  12  inches.     Outside  of  these  there  are  no  baffles. 

The  sludge  compartment  has  a  total  capacity  below  the  overlap  of  the  slots  o/ 
57,500  cubic  feet. 

The  outlet  to  the  tanks  has  already  been  described  under  ^*  connecting  channel" 
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^udge  treatmefU, — Each  unit  of  two  tanks  is  served  by  eight  sludge  beds  44 
by  44  feet,  four  on  each  side  of  a  concrete  trough  which  connects  with  the  sludge 
channel,  already  described  with  the  Imhoff  tanks,  by  a  24-inch  cast-iron  pipe, 
about  33  feet  long.  The  pipe  and  trough  are  laid  on  a  2  per  cent  grade.  Sludge 
is  discharged  onto  the  center  of  the  bed  through  an  18-inch  opening  controlled 
by  atop  boards  in  the  side  of  the  trough*  The  sludge  drops  onto  4  by  4  foot 
concrete  splash  plates. 

The  material  of  the  bed  consists  of  2  inches  of  fine  sand,  3  inches  of  coarse 
sand,  8  inches  of  gravel,  and  6  inches  of  broken  stone.  Drainage  is  provided  by 
3-tneh  tile  toward  which  the  bottom  slopes  from  both  directions.  These  tile  are 
laid  on  8-foot  centers  and  lead  to  a  central  drain  located  in  a  depression  between 
two  bcda. 

This  depression  between  the  first  and  second  and  the  third  and  fourth  beds  of 
each  row  is  7  feet  deep,  about  4  feet  below  the  bottom  of  the  beds,  and  9  feet 
wide.  In  this  is  laid  a  narrow-gauge  track  for  sludge  cars.  The  bodies  of  the 
cars  are  picked  off  their  frame  by  a  gantry  crane  traveling  on  tracks  on  the  retain- 
ing walls  of  the  depression  between  the  beds  and  placed  on  the  bed,  where  they 
are  filled  by  hand.  The  crane  then  r^laces  them  on  their  frame  and  they  are 
hauled  to  the  sludge  dump  by  small  electric  locomotives  driven  by  storage 
batteries. 

There  are  two  sludge  dmnps,  one  back  of  the  plant,  the  other  a  tipple  at  the 
front  of  the  plant  from  which  sludge  is  dumped  direct  from  the  cars  into  wagons 
ctr  trucks  of  farmers,  who  use  the  sludge  as  a  fertilizer,  paying  a  small  sum  for  it. 
7*hcy  also  haul  from  the  dump,  but  it  is  not  neaHy  as  conveniently  situated. 

Power  devdopmenl. — The  divided  tank  effluent  channel,  already  described, 
dischargee  into  two  steel  effluent  pipes.  The  storm-flow  6-foot  channel  outlets 
into  a  534-foot  outfall  pipe  which  extends  7,000  feet  into  Lake  Ontario,  ter- 
minating in  a  submerged  timber  crib  in  water  50  feet  deep.  The  3-foot  wide 
cfaann^  carrying  the  normal  flow  discharges  into  a  4-foot  steel  pipe  or  penstock 
iif  the  hydrodectric  plant.  This  plant  has  two  75-kilowatt  generators  which 
can  furnish  power  for  the  crane  at  the  grit  chamber,  the  screens,  the  crane  for 
the  sludge  beds,  lighting,  charging  the  storage  batteries  of  the  electric  locomo- 
tives, etc.  Power  is  also  available  from  a  public  supply  and  is  used  more  or 
lesa.     The  taU  race  of  the  power  plant  enters  the  5)^foot  outfall  pipe. 

B^pasaet. — These  have  been  described  at  p>oints  at  which  they  occur  in  the 
plant.  The  flow  after  leaving  the  grit  chamber,  the  screens,  or  the  tanks,  or 
iKitli,  oan  be  by**pa8Bed. 

Laboraiory. — The  laboratory  facilities  are  exceptionally  good,  both  as  regards 
vpace  and  equipment.  They  are  located  on  a  messanine  floor  which  extends 
over  part  of  the  greenhouse.  The  laboratory  work  for  both  the  Brighton  and 
Irondequoit  plants  is  done  here. 

XI.  San  Marcos,  Tbx. 

The  sewage  enters  the  treatment  plant  through  a  12-inch  cast-iron  pipe.  This 
material  was  used,  as  it  was  necessary  to  carry  the  outfall  across  the  San  Marcos 
River  on  a  trestle. 

Aft^  passing  through  a  small  box  inlet  chamber  set  in  the  12-inch  line,  the 
sewage  is  discharged  ifito  a  septic  tank. 

Septic  tank. — This  tank  was  originally  constructed  as  a  storage  tank  for  disposal 
of  sewage  by  broad  irrigation,  but,  after  the  construction  of  the  present  activated 
sladge  plant,  it  was  utilized  to  remove  very  coarse  material  which  was  found  to 
^ve  trouble  in  the  aeration  tank  and  return  shidge  line. 

The  tank  itself  is  circular,  40  feet  in  diameter  and  10  feet  deep  with  an  available 
depth  below  the  flow  line  of  about  8  feet.     This  gives  an  available  sewage  capacity 
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of  10,000  cubic  feet,  or  75,000  gallons.     The  tank  is  plain  in  every  respect,  yrith 
flat  bottom  and  no  baffles. 

The  sludge  outlet  is  a  6-inch  pipe  connected  to  a  6-inch  centrifugal  pump,  bdt 
connected  to  a  gasoline  engine.  It  is  but  rarely  used,  howevar,  sludi^e  haying 
been  removed  but  once  in  the  past  three  years. 

The  sewage  outlet  is  a  12-inch  pipe,  around  the  opening  of  which  is  a  bos  frame 
about  3  by  3  by  2  feet  covered  with  one-fourth-inch  mesh  galvanised  wire  sereea. 
As  the  outlet  is  located  only  about  15  feet,  chord  distance,  from  the  inlet,  the  pe- 
riod of  detention  is  probably  very  short,  certainly  much  less  than  the  sijte  of  the 
tank  would  indicate.  It  is  sufficient,  however,  to  remove  rags  and  groes  bus* 
pended  solids,  and  thus  relieve  the  activated  sludge  plant  of  condd^able  burden 
and  prevents  clogging  of  the  return  sludge  pipe. 

Aeration  tank. — This  tank  is  39  feet  long,  16  feet  wide,  and  10  feet  deep  from  the 
top  of  the  tank  to  the  filtros  plates  at  the  bottom.  The  sewage  enters  through  a 
12-inch  pipe  located  at  one  corner.  Three  3-inch  walls  divide  the  16-foot  width 
into  four  channels,  the  two  outside  3  feet  10)^  inches  and  the  two  inside  3  feei 
9  inches  wide.  Openings,  3  feet  wide  by  7  feet  deep,  are  left  in  these  waDs  at 
alternate  opposite  ends  of  the  tank  to  connect  the  four  channels  in  aerieA,  thus 
giving  a  total  flow  length  of  about  150  feet. 

The  walls  of  the  channels  are  vertical  for  a  depth  of  7  feet,  where  they  elope  in 
to  form  hoppers.  These  hoppers,  built  on  3-foot  centers,  are  3  feet  deep  with  top 
areas  of  3  feet  by  3  feet  10)^  or  9  inches  and  bottom  areas  12  by  12  inches. 

The  total  capacity  of  the  tank  is  4,750  cubic  feet  and  the  available  aewa^e 
capacity  about  3,840  cubic  feet  or  28,800  gallons. 

Air  distribution, — Air  comes  from  the  blower  in  a  5-inch  pipe.  This  is  increased 
to  8  inches  and  runs  as  a  header  parallel  with  the  length  of  the  aeration  tank,  and 
about  3  feet  from  it.  Every  3  feet,  2-inch  wrought4ron  distributing  lines  are 
taken  off.  These  drop  along  the  outside  wall  to  the  bottom,  where  they  enter 
the  concrete  bottom  and  run  across  the  tank  encased  in  concrete.  At  the  center 
of  each  channel  risers  enter  the  bottom  of  each  hopper  and  terminate  in  a  snull 
chamber  below  the  filtros  plates.  These  plates  form  the  bottom  of  the  hof^ier 
and  are  cemented  in  with  sulphur.  This  arrangement  gives  13  lines,  each  feed- 
ing 4  filtros  plates,  or  a  total  of  52  plates.  The  2-inch  feed  lines  continue  through 
the  tank  to  the  clear  on  the  far  side,  where  they  enter  a  2-indi  collecting  pipe 
which  runs  on  about  a  4  per  cent  grade  into  a  manhole  located  close  by  and  it 
closed  by  a  2-inch  valve. 

By  this  means  it  is  possible  to  drain  any  water  from  these  lines.  To  remove 
accumulations  of  water  in  the  space  below  the  filtros  plates,  a  three-fourths4nch 
drain  is  laid  across  the  tank  under  each  row  of  plates,  on  about  a  4  per  cent 
grade,  to  the  manhole  ahready  mentioned,  where  it  is  provided  with  a  valve. 

After  the  plant  had  been  operating  for  some  time  several  of  the  filtros  plates 
became  clogged.  To  provide  aeration  at  these  points  a  2-inch  line  from  the  maixi 
8-inch  air  header  was  laid  on  the  top  of  the  dividing  wall  between  channels  1  and 
2,  and  seven  one-half-inch  pipes  run  down  from  this  to  within  one-half  iocb 
of  the  top  of  the  clogged  plates.  The  air  at  these  points,  therefore,  does  not  pas 
through  any  plates,  but  is  discharged  downward  against  the  top  of  them.  The 
distribution,  however,  appears  to  be  very  satisfactory.* 

For  the  sedimentation  tank,  described  below,  a  three-fourtha-inch  line  ia  nm 
from  the  main  8-inch  header  into  the  tank  about  18  feet  down  from  the  top  and 
turned  up  into  the  sludge  pipe.  The  end  is  increased  to  3  inches  to  fit  the  3-lndi 
sludge  pipe  and  a  brass  plate  with  one  twenty-fifth-inch  holes  soldered  over  tfac 
top  of  the  3-inch  bushing.     The  air  is  discharged  through  these  holes  into  the 

*  Since  the  survey  the  clogged  plates  have  been  replaced. 
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^iocb  sludge  line,  the  perforations  breaking  up  the  air  and  effecting  smooth 
and  regular  action  of  the  pump  without  violent  splashing  and  irregular  shoot- 
ing of  aladge  from  the  outlet. 

Air  is  provided  by  a  No.  10  Connersville  blower,  6  by  10,  with  a  rated  dis- 
plAcement  of  760  cubic  inches  of  free  air  per  revolution.  During  the  period  of 
the  tests  the  average  speed  was  564  revolutions,  or  248  cubic  feet  of  free  air  per 
mioate.  The  blower  is  belt  connected  to  a  7}/^  horsepower  Westinghouse  motor 
and  discharges  to  a  tank,  24  inches  in  diameter  and  24  inches  high,  the  top  of 
vhfch  is  filled  with  excelsior  to  screen  the  air.  From  the  tank  the  air  jMsses 
through  a  &4nch  line  to  the  8-inch  feeder  already  described. 

Secondary  seditnentaHan  tank. — This  tank  is  20  feet  long  by  10  feet  wide  at  the 
top  and  25  feet  deep.  The  end  walls  are  vertical  to  a  depth  of  about  2  feet  where 
they  slope  in  on  an  almost  2H  to  1  slope  to  the  bottom  which  is  15  inches  wide. 
The  sides  are  vertical  to  a  depth  of  7  feet  where  they  slope  to  a  depth  of  7  feet 
on  a  2  to  1  slope  to  a  3-foot  width.  Below  this  they  are  vertical  for  9)^  feet 
irbere  they  again  slope  18  inches  to  a  15-inch  bottom. 

The  inlet  is  a  12-inch  pipe  in  the  comer  adjacent  to  the  end  of  the  fourth 
channel  of  the  aerating  tank.  The  outlet  consists  of  twelve  2-inch  pipes  turned 
up  and  capped  by  2-inch  tees  bushed  down  to  1  inch.  While  there  are  twelve 
2-incb  outlet  pipes  available,  only  five  are  used.  The  other  seven  are  capped 
ftnd  held  in  reserve  should  any  of  the  five  active  ones  clog.  The  openings  are 
located  to  give  a  flow  line  about  2  feet  below  the  top  of  the  tank.  All  outlet 
pipes  are  collected  in  a  header  outside  the  tank  and  discharged  into  an  open 
[train  about  25  feet  from  the  San  Marcos  River. 

There  is  one  baffle  located  about  3  feet  from  the  inlet  and  extending  down  about 
$  feet,  leaving  a  3-inch  space  between  it  and  the  sloping  end  wall  of  the  tank. 
The  outlet  is  protected  by  a  scum  board  extending  down  3  inches  below  the  sur- 


Hie  sludge  outlet  is  a  3-inch  cast-iron  pipe  extending  vertically  down  the  tank, 
ibout  16  feet,  to  a  Y.  From  the.branch  of  this  Y  a  3-inch  line  goes  to  within 
ibout  9  inches  of  the  bottom  of  the  tank,  while  the  straight  end  extends  down 
fcbout  3  feet  and  is  closed  by  the  plate  on  the  end  of  the  air  line  already  described. 
Fust  above  the  top  of  the  tank  a  4-inch  line  is  taken  off  at  a  T  and  run  to  the  inlet 
4  the  aeration  tank,  discharging  near  the  surface  and  directly  over  the  first 
ittros  plate.    There  is  no  sludge  reaeration  tank. 

Sludge  ditposoL — Because  of  the  presedimentation  in  the  septic  tank,  the 
ixnount  of  sludge  to  dispose  of  is  relatively  small  for  an  activated  sludge  plant. 
Pbe  sludge  from  the  septic  tank  has  to  be  removed  only  occasionally,  because 
he  storage  available  is  very  large  for  the  sewage  fiow. 

For  the  surplus  activated  sludge  there  are  provided  2  sludge  beds  each  12  by 
.2  feet,  made  of  cinders.  Only  one  bed  has  underdrainage.  In  addition  to  these 
kods  a  small  amount  of  sludge  has  been  run  into  a  small  low  area  adjacent  to  the 

Overfioum  and  hy-passes, — At  times  of  very  heavy  fiows  canying  considerable 
olUtration  water,  the  small  inlet  box  may  overflow  and  the  sewage  spill  over  the 
Touud  to  the  creek.  At  this  point  it  is  also  possible  to  by-pass  the  septic  tank, 
ending  the  sewage  direct  to  the  aeration  chamber.  When  the  plant  was  first 
»uilt  the  septic  tank  did  not  enter  into  the  treatment. 

BuHdingB. — The  motor  and  blower  are  housed  in  a  small  frame  building  which 
/atf  at  one  time  also  used  as  a  laboratory  to  make  a  few  simple  tests.  These 
jh  ve  since  been  discontinued  so  that  the  building  is  now  used  only  as  a  tool  and 
aa^thi'nery  bouse. 


244  SEWAGE  TREATMENT  IN   THE  UNITED  STATES 

XII.  Shbrman,  Tbx. 

Sewage  is  received  at  the  treatment  plant  in  a  24-lnch  sewer  on  a  0.25  per  ceat 
grade  which  discharges  into  the  screen  chamber. 

Screen  chamber. — This  chamber  is  11  feet  9  inches  long,  2  feet  wide,  and  2  feet 
8  inches  deep.  The  screen  is  6  feet  6  inches  long,  2  feet  wide,  set  at  an  angie 
of  18°  with  the  horizontal.  The  openings  are  lyi  inches  clear  between  bar^ 
Screenings  are  raked  up  by  hand  and  deposited  on  a  bar  grating  adjacent  to  the 
screen  where  they  can  drain.  They  are  then  thrown  to  the  side  of  the  chamber 
and  later  wheeled  to  a  dump. 

In  one  side  of  the  screen  chamber  an  18-inch  weir  with  its  crest  4  inches  below 
the  top  of  the  screen  provides  an  overflow  for  excessive  flows  or  when  the  screens 
are  clogged.  The  weir  also  has  a  sluice  for  by-passing  all  the  sewage.  The 
effluent  enters  a  small  chamber  which  discharges  through  a  15-inch  sewer  pipe 
to  Town  Branch,  a  tributary  of  the  Red  River. 

Grit  chamber, — The  screen  chamber  discharges  direct  into  the  grit  chambers. 
There  are  three  of  these  in 'parallel  with  sluice  gates  at  both  ends.  All  are  57 
feet  long,  and  2  feet  9  inches  deep,  but  two  are  18  inches  wide,  while  the  third  is 
2  feet.  The  bottoms  are  level  but  with  a  groove  or  channel  1  foot  deep  by  9 
inches  wide  on  top  and  8  inches  on  the  bottom.  These  hold  a  4-inch  tile  drsin 
laid  in  gravel  and  leading  to  a  small  discharge  chamber,  where  they  end  with 
gate  valves.  The  discharge  chamber  itself  connects  through  an  8-incb  vitrified 
pipe  to  a  low-lying  area  selected  for  sludge  beds,  which,  however,  were  never 
constructed.     The  grit  is  removed  by  hand  about  every  three  weeks. 

Irdei  channel. — The  discharge  from  all  three  grit  chambers  enters  a  short 
chamber  8  feet  long,  7  feet  2  inches  wide,  by  2  feet  deep  at  the  inlet  and  4  feet 
6  inches  wide  by  3  feet  6  inches  deep  at  the  outlet.  This  chamber  empties  iotu 
two  channels  1  foot  10^  inches  wide  by  3  feet  6  inches  deep  which  lead  to  the 
aeration  tanks. 

Aeration  tanks. — At  the  present  time  only  one  of  the  two  aeration  tanks  u 
complete.  The  other  still  lacks  the  filtros  plates  and  air-distributioQ  pip^ 
With  this  exception,  they  are  duplicate  units.  However,  as  this  one  is  not  avail- 
able, the  plant  is  considered  as  having  but  the  one  unit. 

The  aeration  tank  is  24  feet  43^  inches  wide,  divided  into  three  sections  bii 
two  baffles  starting  from  alternate  opposite  ends  of  the  tank  and  stopping  t(i 
allow  an  8-foot  opening  between  adjacent  sections.  They  are  thus  arranged  io 
series,  giving  a  total  flow  length  of  about  200  feet,  the  total  length  of  the  tank 
being  75  feet.  The  total  depth  of  the  tank  is  12  feet.  The  bottom  consists  u^ 
V-shaped  ridges  on  5-foot  centers  across  the  tank  separated  by  1  foot  2  iudb 
channels  in  which  the  filtros  plates  are  set.  A  6-inch  channel  cutting  the  ridgefi 
runs  the  length  of  the  tanks  through  the  center  of  each  section  to  provide  con^ 
plete  drainage  to  the  top  of  the  filtros  plates,  the  channels  being  connected 
with  the  settling  tank  through  a  valve-controlled  8-inch  pipe  from  the  central 
aeration  section.  Sewage  enters  the  tank  direct  from  the  inlet  channel  at  ou« 
comer  and  leaves  through  an  opening  3  feet  wide  at  the  comer  diagonally  oppCf' 
site. 

The  total  capacity  of  the  tank  is  19,775  cubic  feet.  With  a  water  line  2  M 
below  the  top,  the  available  capacity  is  16,656  cubic  feet  or  116,000  gallons. 

Air  distribution. — The  main  air  line  to  the  tanks  is  12  inches.  This  dividci 
into  two  8-inch  headers  which  reduce  to  6  inches  after  supply  lines  have  been 
taken  off  for  two  aeration  tanks.  The  supply  lines  to  the  individual  aeratiou 
channels  run  lengthwise  with  the  tank  over  the  center  of  each  channeL  The 
supply  pipes  to  the  first  two  channels  start  at  4  inches  but  are  reduced  at  sevvnJ 
points  to  a  final  2}4  inches.     Over  the  third  channel  the  pipe  is  larger,  startio^ 
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viih  5  ineheB  and  reducing  to  3  at  the  end  of  the  tank,  but  it  is  continued  at  that 
sue  to  the  center  of  the  aedimentaiion  tank,  where  it  reduces  to  1  inch  at  a 
needle  valve  and  drops  down  12  feet  below  the  top  of  the  tank  to  the  side  branch 
of  a  Y  on  the  sludge  line.  From  the  supply  lines  over  the  aeration  tank,  2-inch 
galvanised  iron  pipes  are  dropped  to  the  bottom  of  the  tank,  where  they  screw 
iato  cast-iron  holders  in  which  the  filtros  plates  are  set.  These  holders  are  7 
feei  Syi  inches  long  by  13H  inches  wide  and  hold  five  12  by  12  inch  filtros  plates. 
There  is  an  air  space  of  a  little  less  than  an  inch  between  the  bottom  of  the  holder 
and  the  filtros  plates  extending  the  entire  length  of  the  holder. 

The  main  feeder  line,  from  which  the  supply  lines  to  the  aeration  tank  are 
taken,  ts  continued  on  top  of  and  along  the  wall  between  the  aeration  tank  and 
ibe  reaeration  tank.  At  several  points  it  is  reduced  from  4  inches  to  2  inches. 
From  this  line  and  at  10-foot  centers  2-inch  lines  lead  across  the  reaeration  tank, 
and  from  these  three  pipes  dropped  to  filtros  plate  holders,  a  pipe  to  each  section 
in  the  tank.  (See  description  d  reaeration  tank.)  The  holders  in  this  tank  are 
«iw^fiji^r  in  design  to  those  in  the  aeration  tank,  but  are  5  feet  4^  inches  long  by 
IZyi  inches  wide  and  hold  only  four  plates. 

All  drop  pipes  to  filtros  plates  are  independent,  each  having  its  own  control 
valve. 

SedimentaHon  tank, — As  with  the  aeration  tank  two  units  have  been  con- 
structed, but  only  one  is  available  for  use. 

This  tank  is  28  feet  4H  inches  long,  21  feet  lOH  inches  wide,  and  31  feet 
4  ixkches  deep.  The  two  side  walls  are  vertical  for  15  feet  3  inches  where  they 
slope  on  about  a  1.7  to  1  slope  to  the  bottom,  which  Is  3  feet  square.  The  end 
walls  run  on  the  same  slope  from  the  bottom,  but  as  the  tank  is  longer  than  it 
im  wide,  the  slope  extends  up  to  within  about  9  feet  9  inches  of  the  top  of  the 
tank. 

The  inlet  to  the  tank  is  an  opening  3  feet  wide  cut  in  the  common  wall  between 
the  aeration  tank  and  the  sedimentation  tank.  This  opening  is  3)4  feet  deep, 
ly^  feet  below  the  flow  line  of  the  tank  and  is  located  in  one  comer  of  the  tank. 
The  outlet  is  over  a  3-foot  weir. 

In  the  inlet  end,  a  baffle  is  hung  6  feet  from  the  end  of  the  tank,  extending 
down  6)^  feet  from  the  top  of  the  tank  or  4}i  feet  below  the  normal  water  line 
which  is  estimated  at  2  inches  over  the  outlet  weir.  The  outlet  is  protected  by 
a  acumboard  placed  2  feet  ahead  of  the  weir. 

The  sludge  outlet  is  a  6-inch  pipe  extending  down  within  9  inches  of  the  bottom 
of  the  tank  and  terminating  in  a  flared  mouthpiece  12  inches  in  diameter.  A 
bc^iiontal  6-inch  pipe  from  a  T  2  feet  below  the  top  of  the  tank  carries  the 
sludge  to  the  reaeration  tank.  Sludge  is  lifted  by  air  which  is  introduced  through 
a  1-inch  pipe  into  the  side  branch  of  a  Y  set  in  the  vertical  6-inch  riser  12  feet 
below  the  top  of  the  tank,  or  10  feet  below  the  flow  line. 

The  eflBuent  from  the  tank  passing  over  the  3-foot  weir  enters  an  effluent 
channel  2  feet  IH  inches  wide  by  4  feet  4  inches  deep,  connecting  with  a  15-inch 
line  which  unites  with  the  15-inch  overflow  line  from  the  grit  chambers  leading 
to  Town  Branch,  a  tributary  of  the  Red  River. 

The  total  volume  of  the  tank  is  11,500  cubic  feet.  With  the  flow  line  2  feet 
below  the  top  the  available  volume  is  10,000  cubic  feet  or  75,000  gallons. 

RtaeroHon  Umk. — This  is  located  alongside  of  the  aeration  tank.  There  is 
one  for  each  aeration  tank,  but  for  reasons  already  stated  only  one  unit  is  avail- 
able. 

The  tank  is  6  feet  7H  inches  wide,  divided  into  three  channels,  each  2  feet 
9i  inch  wide,  by  3-inch  baffle  walls  similar  to  those  described  under  the  aeration 
tank  but  with  end  openings  of  only  2  feet  J^  inch.  The  two  channels  nearest 
the  aeration  tank  are  75  feet  long,  but  the  third  or  outside  channel  extends 
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beyond  the  aeration  tank  and  overlaps  the  sedimentation  tank  by  10  feet,  so 
that  it  is  85  feet  long.  Sludge  is  moved  from  the  sedimentation  tank  throu|^ 
a  6-inch  pipe  discharging  near  the  end  of  the  long  channel.  The  tank  has  a 
total  depth  of  12  feet,  and  of  this  depth  2  feet  3  inches  is  in  the  channeled  bottoms, 
in  which  the  filtros  plates  are  set.  There  is  only  one  row  of  plates  in  each  channd, 
the  holders  being  laid  lengthwise  with  the  tank.  The  outlet  is  a  2  foot  H  uidi 
opening  cut  the  full  depth  of  the  tank  through  the  common  wall  betwe^i  the 
reaeration  tank  and  the  aeration  tank. 

From  the  bottom  of  the  tank  at  the  inlet  end  a  6-inch  vitrified-tfle  sludge  pipe, 
controlled  by  a  sluice  gate  is  run  to  the  8-inch  line  from  the  grit  chamber  drains, 
which  leads  to  the  low  land  where  it  was  planned  to  build  the  sludge  beds.  Tliere 
is  also  an  8-inch  valve-controlled  connection  from  the  bottom  of  the  tank  to 
the  sedimentation  tank  which  permits  the  draining  of  this  tank  and  with  It  the 
aeration  tank  to  the  filtros  plates. 

Sludge  disposal, — It  was  planned  to  provide  sludge  beds  in  low  areas  near  the 
Town  Branch.  These,  however,  have  never  been  constructed,  and  sludge  is 
mostly  disposed  of  by  discharging  it  into  the  Town  Branch  at  times  of  hi^ 
water. 

Power  plant, — The  power  plant  is  housed  in  a  concrete  building  26  by  22  feet 
This  contains  a  Connersville  blower,  belt  connected  to  a  24-horBepower  General 
Electric  Co.  motor,  having  a  capacity  of  2.1  cubic  feet  per  revolution.  TTiis 
installation  is  used  almost  exclusively  as  a  reserve  unit  since  it  allows  oiled  sur- 
faces to  come  in  contact  with  the  air,  and  oil  is  carried  to  the  filtros  plates.  The 
regular  unit  consists  of  a  Gordon  City  Fan  Co.  water  cooled  rotary  compressor, 
belt  connected  to  a  25-horsepower  General  Electric  motor. 

Air  is  taken  from  within  the  building.  A  box  frame  about  6  by  12  by  6  feet 
is  suspended  from  the  ceiling  and  covered  with  one  layer  of  cotton  flannd.  The 
suction  of  the  blowers  extend  into  this  box.  Air  can  enter  the  building  through 
two  roof  ventilators  which  are  covered  with  a  brass  screen.  It  is  probable, 
however,  that  the  doors  and  windows  provide  as  much  if  not  more  air  than  the 
ventilators. 

Air  is  pumped  to  a  tank,  just  outside  the  building,  8  feet  6  inches  in  diamctc 
and  9  feet  high,  which  is  kept  under  5  pounds  pressure.  From  this  tank  the 
main  feeder  is  taken  to  the  tanks. 

Laboratory, — There  are  no  laboratory  facilities  at  the  plant  nor  any  owned  or 
controlled  by  the  city. 
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DiTA  Rklatino  to  THB  Sewkhaob  Systems  and  thb  Design  and  Opebation 

or  Sewage  Tbkathxnt  Plants  at  some  of  the  Laroer  Cities  op  thb 

United  States 

City Date Survey  by _ 

Sewertge  system: 

1.  Totol  population  of  city Census  of  19...£atimftted  by 

2.  Population  contributing  to  treatment  plant 

i.  Sewer  connections , 

4.  Combined  or  separate 

6.  Gradiente.. — 

6.  Infiltration  and  leakage 

7.  Storm  overflows _ 

8.  Plushing  by  hoM,  direct  water  coanectloD,  flush  tank,  etc 

9.  Sewers: 
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10.  MiscellaneouB  and 
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Sewage  pumping: 

1.  Location  of  pumping  station 

2.  Type  of  pumps 

3.  Power  equipment.. 

4.  Method  of  operation,  continuous,  etc. 

6.  Suction  well: 

(d)  Siie  and  dimensions 

(6)  Screens 

5.  Control  apparatus 

7.  Disc  bai^  head 

8.  Apparatus  for  measuring  flow. 

9.  MisceUaneous  and  remarks - 
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Sewage  data  (at  outfall  to  treatment  plant) : 

1.  Volume — 

(a)  Dry  weather  flow 

(fe)  Variations 

( c)  Storm  waters  carried  to  treatment  plant 

(d)  Industrial  wastes: 

1.  Character 

2.  Treatment  of  source 

(e)  Water  consumption 

2.  Composition — 

(a)  Fresh  or  stale 

(fe)  Floating  material 

(c)  Industrial  wastes _ 

(d)  Color - . 

(e)  Odor 1 
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Sewage  treatment  plant: 

Sewer  outlet  at  treatment  plant — 

1.  Size  and  shape 

2.  Measuring  weirs  and  recording  devices. 

3.  Storm  overflows 

4.  By-passes,  type  and  when  used 

6.  Coarse  screens 

6.  Miscellaneous  and  remarks 
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Grit  chambers: 

1 .  Number _- 

2.  Design  including  dimensions 

3.  Velocity  of  flow  and  detention  period 

4.  Method  of  cleaning 

5.  Disposal  of  grit 

6.  Volume  deposited  per  million  gallons 

7.  Composition  of  grit — 

(a)  Average  per  cent  water ,  average  sp.  gr, 

(6)  Odor 

(c)  General  character 

8.  Loss  of  head 

9.  Outlet  channels  to  tanks 

10.  Miscellaneous  and  remarks 
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Fine  screens: 

1.  Location  and  purpose. 

2.  Number 
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3.  Dimensions  and  descriptioo^^- 

(a)  Type 

(6)  Mesh 

(c)  GeneraL. 

4.  Capacity gallons  per 

6.  Head  required  to  operate -._ - 

6.  Method  of  cleaning 

7.  Screenings,  volume  per  million  gallons,  wet 

8.  Method  of  drying  screenings _ 

9.  Method  of  disposing  of  screenings 

10.  Odor  from  screenings 

11.  Com|>osition  of  screenings 

12.  Loss  of  head  through  screens.. 
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Sedimentation  tanks — Primary,  Secondary,  Sludge  digestion: 
A.  All  types  except  ImhofF — 

1.  Number  and  type 

2.  Shape 

8.  Dimensions 

4.  Type  of  inlet 

6.  Hoppers,  number,  shape,  dimensions,  capacity 

6.  Ba£9es,  spacing,  surface  or  bottom _ 

7.  Scum  boards _ 

8.  Sludge  outlets — 

(a)  Niunber 

(6)  S^e 

(c)  Water  pipes  in  connection  with 

9.  Sewage  outlet,  size  and  arrangement  for _ 

10.  Velocity  of  flow,  detention  period,  maximum,  minimum,  average 
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B.  Imhoff  tanks — 

1.  Number _ 

2.  Description,  shape,  inlets,  outlets,  etc., 

3.  Flow  chamber — 

(a)  Dimensions,  capacity 

(6)  Size  and  shape  of  gas  vents 

(c)  Slope  of  incline  partitions 

(d)  Width  of  slot  and  description _ 

(«)  Velocity  of  flow,  vertical  or  horizontal 

(/)  Detention  period,  computed  and  actual,  maximum,  ro 

mum,  average 

(g)  Ba£9es,  spacing,  surface  or  bottom 

(h)  Scum  boards 

4.  Loss  of  head  through  tank 
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B.  Imhoff  tanks  continued — 

5.  Digestion  chamber — 

(a)  Dimensions,  capacity  to  slot 

(jb)  Hoppers,  number,  shape,  dimensions,  slope  of  sides. 

(c)  Sludge  outlets — 

1.  Number  and  size 

2.  Water  connections  for  cleaning 

(d)  Baffles 

(e)  Storage  of  sludge  in  tank — 

1.  Period 

2.  Basis  of  design,  cubic  feet  per  capita 

6.  Special  apparatus  or  equipment 
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B.  Imhoff  tanks  (continued) — 
7.  Foaming — 

(a)  When  did  foaming  begin? .^ 

(b)  How  long  did  it  persist? ♦ 

(c)  Season  of  year  most  active?, 

(d)  How  stopped  or  controlled,  apparatus  or  devices  used?. 


8.  Population  for  which  tanks  are  designed. 

9.  Miscellaneous  and  remarks 
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Chemical  precipitation: 

1.  Chemicals  used 

2.  Method  of  application  (dry  or  wet) 

3.  Apparatus  for  applying 

4.  Where  applied .. 

6.  Amount  applied 

6.  Miscellaneous  and  remarks 

Disinfection: 

1.  Chemicals  used 

2.  Description  of  apparatus  used 

3.  Amount  of  chemicals  used 

4.  Where  applied 

5.  Applied  continuously  throughout  the  year. 

6.  Reasons  for  disinfection^ 
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Sludge  production: 

1.  Volume  wet  sludge  in  cubic  yards  per  million  gallons 

2.  Methods  of  measurement 

3.  Per  cent  water,  average, ;  specific  gravity  average. 
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4.  Fhysica]  clutracteristioa — 

(o)  Color 

(6)  CoiulBtencf 

(c)  Odor,  when  freshly  drftWD  and  after  drjring 

fi.  Sudge  drying  beds  dwcripttoD 

6.  Time  required  to  dry  sludge  on  beds.    Depth  of  sludge  applied  . 

7.  Hecluuilcal  apparatus  for  drying  sludge — 

(o)  Description  of  apparatus 

(ft)  Capacity  (cubic  yards  of  wet  sludge  per  24  hours) 

(c)  Percent  moisture  of  dried  cake 

(d)  Time  required  for  each  cycle  of  operation 
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8.  final  disposal  of  sludge — 

(o)  In  lagoons ^ 

(6)  Discharged  in  watercourses 

(c)  For  filling 

((f)  For  fertiliser  (malce  note  of  crops  raised) 

(«)  Revenues 

(f)  Bead  over  sludge  outlet 

(g)  Hisoellaneous  and  remarks 
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Activated  sludge: 

1.  Sewage  aeration  tanks: 

(o)  Number     

(6)  Description  of  tanks  (dimensions,  etc.) 

(c)  Description  of  air  diftuslng  apparatus  at  bottom  of  tank 
,    id)  Type  of  blower 

(e)  Volume  of  air  per  gallon  of  sewage 

(0  Duration  of  treatment 

(jr)  Continuous  flow  or  fill  and  draw 

(h)  Per  cent  of  activated  sludge  returned  to  tank 

(t)  Apparatus  for  screening  air - 

(j)  Lose  of  head 


Sludge  aeration  tanks: 

.(o)  Design  of  tank 

(b)  Diffusion,  apparatus  for. -. 
(e)  Volume  of  air 

(d)  Time  of  aeration 

(e)  Loesofhead 

3.  Miscellaneous  and  remarks 
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Filters: 

1.  Type - 

2.  Number. , 

3.  Area  and  depth  each  unit 

4.  Filtering  medium,  size  and  composition 

5.  Method  of  implying  sewage: 

(a)  Flooding 

(h)  Nozzles..^ 

(c)  Rate  of  treatment 

(d)  Net  rate  per  24  hours 

(e)  Head  on  nozzles 

(/)  Siphons - 

(g)  Automatic  control  devices 

6.  Pooling - - 
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7.  Underdrainage: 

(a)  How  constructed ^ 

(h)  Slope  of  concrete  bottom 

(c)   Arrangement  for  flushing 

8.  Washing  or  other  methods  of  cleaning 

9.  Flies,  worms,  and  other  forms  of  life 

10.  Growth  on  beds  and  in  underdrainage 

11.  Condition  of  filtering  media 

12.  Odors  from  filters 

13.  Resting  of  beds--- 

14.  Cowls  or  similar  devices 

16.  Loss  of  head  in  filters ,..- ., 
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Ultimate  disposal  of  sewage: 

L.  Receiving  body  of  water - 

2.  Physical  conditions  near  outlet ,. 

3.  Dilution  available,  dry  weather— 

4.  Use  of  water  below  sewer  outlet -.. 

6.  Miscellaneous  and  remarks - 
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,Cost  data: 

1.  Original  cost — 

(a)  Per  million  gallon  sewage - 

(b)  Per  thousand  poptdation - 

(c)  By  devices 

2.  Modifications  cost 
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8.  Coot  of  operation  and  maintenance— 

(a)  Man  in  charge  of  plant,  title  and  salary 

(6)  Chemists  or  bacteriologists,  salary 

(c)  Clerks 

(d)  Skilled  mechanics,  etc.,  salary 

(e)  Laborers,  nimiber,  salary 

(/)  Total  cost  of  maintenance  per  year .. 

(g)  Interest  and  depreciation ; 

i.  Miscellaneous  and  remarks •. . ^ , 
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General  information: 

1.  Deterioration  of  concrete  due  to— 

(a)  Frost 

(6)  Some  conatitoents  of  sewage «. ..«. « 

2.  Odors  from  plants  as  a  wh<^e— 

(a)  At  the  plant -^^ 

(h)  Distance  from  plant  noticeable*^.. ,..<.« ,.«.. 

(c)  Seasonal ^..^^^^-.w,--.-*, 

8.  Improvements  in  receiving  body  of  water  after  installation  of  treatmient 
plant * . '..^.^ * , , 

4.  Condition  of  grounds  about  the  treatment  plant ^ « 

5.  Extent  of  farming  carried  on  at  the  plant « .^.^ r. 
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6.  What  population  was  {dant  designed  for i i 

7.  Are  sludge  drying  beds  large  enough. _i .-.i 

8.  Mocfification  of  sludge  beds  suggested . « ^.w 

9.  Night  soil  dumped  into  sewers 

10.  Miscellaneous  observation  about  plant  not  indnded  under  headings 


Appendix  III 
METHODS  OF  ANALYSIS 

Mbthodb  of  Analysis 

The  methods  used  are  described  in  detail  only  wh«^  they  differ 
from  the  procedure  reconmiended  in  the  Standard  Methods  of  the  American 
Public  Health  Association  for  1920. 

1.  Alkalinity. — As  in  Standard  Methods  using  methyl  orange  and  sulphuric 
acid. 

2.  Chlaride9. — As  in  Standard  Methods. 

3.  Rdaiive  itabUUy, — As  in  Standard  Methods.  Incubators  were  not  ayafl- 
able  at  any  place  visited.  The  samples  were,  aecordin^y,  stored  in  the  dark  at 
a  temperature  as  close  to  20^  C.  as  it  was  possible  to  find. 

4.  Nitrogen  as  nitrates. — As  in  Standard  Methods,  using  the  reduction  method. 
The  results  are  reported  without  any  eorreotion  for  nitrites.  For  the  pr^>aratioii 
of  Nessler  reagent,  see  under  ammonia  nitrogen,  below. 

5.  SetOeable  eotide  by  fofwuu.— As  in  Standard  Methods  (p.  30).  Conical 
glass  vessels  of  1,000  c.  c.  capacity  (Imhoff  cones)  were  used  for  raw  sewages  and 
tank  effluents.  For  activated  sludge,  however,  straight-eided  cylindrical  vesKli 
such  as  1,000  c.  c.  graduates,  are  preferred. 

6.  Suspended  matter. — As  in  Standard  Methods.  In  the  i^bsence  of  oonstaot 
temperature  apparatus,  the  Gooch  crucibles  were  dried  over  a  water  bath  with 
suitable  precautions  to  avoid  moisture  from  condensed  steam.  The  difference 
between  this  method  of  drying  and  that  of  diying  at  103^  C.  is  inappreciable. 

7.  Ammonia  nitrogen. — As  in  Standard  Methods,  using  copper  sulphate  as  a 
elarifying  agent.  Instead  of  short  tubes,  bottles  holding  about  125  c.  c.  were 
used. 

During  the  survey  it  waa  noted  that  difficulty  was  e3q>erienced  in  the  prepara- 
tion of  Nessler  reagent.  It  is  thought  advisable  to  give  the  method  for  the 
preparation  of  the  reagent  in  detail. 

RSAGBNT8   FOB  THE   PRBPABATION   OF   1    LITER   OF   NB88LSB   REAGENT 

(a)  Iodide  solution. — Dissolve  50  grams  of  potassium  iodide  or  45  grams  of 
sodium  iodide  in  80  c.  c.  of  distilled  water. 

(h)  Hydroxide  solution. — Prepare  a  50  per  cent  solution  of  sodium  or  potassium 
hydroxide.  This  solution  should  be  prepared  ahead  of  time  and  allowed  to  settle 
for  a  few  weeks  before  use.  Tho  clear  supernatant  is  decanted  or  siphoned  off. 
For  1  liter  of  Nessler  reagent,  285  c.  c.-of  50  per  cent  sodium  hydroxide  or  400 
c.  c.  of  50  per  cent  potassium  hydroxide  will  be  required. 

(c)  Mercuric  chloride  solution. — About  350  c.  c.  of  saturated  solution  will  be 
required. 

PROCEDURE  FOR  THE  PREPARATION  OF  NESSLER  REAGENT 

Add  the  iodide  solution  to  a  bottle  calibrated  roughly  at  1,000  c.  o.  and  tbeo 
add  the  saturated  mercuric  chloride  solution  in  25  to  50  c.  c.  portions,  with  con- 
stant shaking,  until  about  300  c.  c.  have  been  added.  The  reddish  precipitate 
which  first  forms  dissolves  more  and  more  slowly.  It  is  of  importance  that  tbe 
iodide  solution  be  completely  saturated  but  not  very  greatly  oversaturated  with 
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the  meronria  chloride.  When  about  300  o.  e.  <A  maraoric  chloride  have  beea 
■dded,  the  addition  of  ttie  marcuiio  obloride  ia  ooatinued  as  if  in  a  titration  with, 
a  very  alow  end-point,  adding  6  c.  o.  portioaa  with  Vigorous  abaking  until  the  red- 
dish ooloratioQ  has  disappeared.  Wban  tite  eod-poiat  appears  to  be  near,  the 
BtBrcuiio  ohlorlde  solution  is  added  in  1  o.  o.  poriioiu  until  a  piecipitate  is  ob- 
tained which  peniatfl  for  one  hour.  An  additional  one  half  c.  c,  portion  should 
Uien  cause  the  color  to  persist  ovemi^t,  and  if  it  does  not,  another  half  c.  c. 
portion  is  added.  When  the  end-point  lias  bean  reached,  400  c.  c.  of  60  per  cent 
potassium  hydroxide  solution  or  2S5  c.  c.  of  SO  per  cent  sodium  hydroxide  is 
added  and  the  whole  made  up  to  1  liter. 

If  required  for  immediate  use,  the  solution  tnay  be  filtered  through  asb«etoe, 
uslug  suction.  For  small  amounts  a  Gooch  crucible  la  quite  satisfactory.  It  is 
beat,  however,  to  allow  the  s^lutloQ  to  settle  for  several  days.  It  should  then 
take  oD  a  clear  greenish  color.  The  reagent  thus  prepared  improves  until  the 
bulk  of  the  precipitate  has  aettled  out,  after  which  no  improvement  with  age  can 
be  detected.  For  use,  it  is  decanted  or  siphoned  into  a  small  bottle  in  order  to 
avoid  stirring  up  the  sediment  on  the  bottom  of  the  large  bottle. 

It  ta  the  experience  of  the  writers  that  the  sodium  and  potssaium  saHa  may  be 
used  interchangeably- — 1.  e.,  sodium  or  potaamum  hydroxide  may  be  used  with 
ather  sodium  or  potassium  iodide.  The  procedure  is  to  be  followed  somewhat 
closely,  aince  Neealer  reagent,  which  is  not  sensitive  enough  can  not  be  materially 
improved  by  tbe  further  addition  of  reagents  once  the  hydroxide  solution  baa 
been  added. 

&  SUier-iolvhU  malttr  (fatt). — As  in  Standard  Methods.  In  most  caaee, 
however,  only  200  c.  c.  of  sewage  was  used. 

S.  Oxygen  connimsd. — Tbe  procedure  followed  was  essentially  that  outlined  In 
Standard  Methods,  with  slight  modifications  to  minimise  errors  due  to  the  dete- 
rioration of  the  reagents  and  to  obviate  the  necessity  of  adjusting  the  oxalate 
and  permanganate  solutions  to  exact  or  equal  strengths. 

MXTBon  roLU>wxD 

RKAoaNTs — (a)  Sidphuric  acid. — The  concentrated  acid,  apeclfic  gravity  1.84, 
was  used  as  described  below  without  dilution  or  addition  of  permanganate  to 
free  the  add  from  oxidiiable  matter. 

<b)  Oxaiaie  tohttien. — Potassium  or  aodium  oxalate  was  used.  Ammonium 
oxalate  dissolves  slowly  and  is  not  superior  to  the  alkali  oxalates  in  keeping 
qualitlea.  The  following  amounts  are  dissolved  and  made  up  to  one  liter  in  order 
to  obtain  an  N/SO  solution. 

0.888  grams  of  ammonium  oxalate,  {NHi)].C]0,.H,0. 
0.83S  grams  of  sodium  oxalate,  NagCjOi. 
1.161  grama  of  potassium  oxalate,  K,CiO«.H,0. 

(c>  NI80  potawium  permanganaU. — A  N/4  solution  is  first  prepared  by  diasolv- 
Ing  7.900  grams  of  KMnO^  in  distilled  water  and  making  up  tr  —  '""  ""  ' 
solution  ia  reasonably  permanent  and  need  not  be  protected  in  an 
It  serves  aa  a  stock  solution  for  the  preparation  of  tbe  weaiti 
Tbe  N/80  stdution  ia  prepared  by  diluting  60  c.  c.  of  the  N/4  soli 
Hie  strength  of  tbe  Ii/80  solution  will  decrease  by  about  2  per  • 
%ta  days,  aita  which  time  deterioration  will  be  much  more  ra; 
made  up  frceh  every  week.  It  may  t>e  checked  against  freshly 
•olotion  as  described  in  Standard  Methods,  1920,  page  22,  or,  m 
and  with  sufficient  accuracy  for  the  purpose  at  hand,  against  tl 
mlphate  used  for  dissolved  oxygen  determinations. 
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Pbogbdurs. — ^To  a  600  c.  c.  Erlenmeyer  flask  add  100  c.  c  of  diaUUed  water 
followed  by  2  c.  o.  of  sulphurio  acid,  speoifio  gravity  1.84.  Then  in  all  cans  add 
10  c.  0.  of  N/80  potassium  permanganate  and  a  quantity  of  sample  such  that 
about  6  c.  c.  of  N/80  potassium  permanganate  will  be  required  for  the  back  ti- 
tration after  addition  of  oxalate  as  described  below.  The  following  trial  amounti 
are  suggested: 

10  to  20  c.  c.  of  raw  sewage. 
25  to  50  c.  0.  of  filter  effluents. 

A  blank  is  run,  using  the  same  amount  of  distilled  water,  concentrated  acid,  and 
permanganate  as  was  added  to  the  sample. 

The  sample  and  the  blank  are  digested  for  30  minutes  in  an  actively  boiliflg 
water  bath.  If  the  amount  of  sample  taken  was  too  large,  as  indicated  by  com- 
plete loss  of  color,  the  determination  is  repeatecf.  When  the  digestion  is  com- 
plete, 10  c.  c.  of  the  oxalate  solution  is  added  to  the  blank  and  to  the  sample, 
and  titration  with  permanganate  is  begun  as  soon  as  decolorization  takes  place. 

Computation. — The  value  found  for  the  blank  is  deducted  from  that  found  for 
the  sample  and  is  a  correction  for  oxidizable  substances  in  the  reagents  and  for 
any  difference  in  the  strength  of  the  oxalate  and  permanganate  solutions.  Fol- 
lowing the  above  procedure, 

A 

p.  p.  m.  of  oxygen  consumed =100^ 

where  A>=c.  c.  of  N/80  KMn04  required  for  the  back  titration  less  blank,  and 

B=o.  c.  of  sample  digested. 

If  the  permanganate  solution  is  not  exactly  N/80,  a  correction  can  be  applied  to 
the  result  found.  Since  the  same  amount  of  oxalate  is  added  to  both  the  sample 
and  the  blank,  its  strength  is  not  a  factor. 

10.  Dissolved  oxygen. — The  reagents  given  in  Standard  Methods,  1920,  were 
used,  except  that  sulphuric  acid  was  substituted  for  hydrochloric  acid  in  do- 
solving  the  precipitated  manganese  hydroxides.  In  the  preparation  of  the  rea- 
gents the  sodium  salts  were  used.  A  detailed  description  of  the  method  is  given 
below. 

The  sodium  thiosulphate  solution  was  prepared  from  an  N/10  solution  pre- 
served by  the  addition  of  ammonium  carbonate  and  chloroform  after  making 
up  to  the  mark.  This  solution  was  reasonably  permanent;  titrations  over  loof 
periods  of  time  indicate  a  rate  of  deterioration  of  less  than  1  per  cent  in  m 
months.  The  N/40  solution  is  prepared  by  diluting  250  c.  c.  of  the  N/40  solution 
to  one  liter.  The  keeping  qualities  of  the  N/40  solution  are  somewhat  improved 
by  the  addition  of  5  c.  c.  of  chloroform  after  making  up  to  the  mark.  It  will 
deteriorate  rather  rapidly,  however,  and  should  be  made  up  fresh  every  few  weeks 

The  strength  of  the  N/40  sodium  thiosulphate  may  be  determined  by  titratioa 
with  potassium  bichromate  or  permanganate.  The  use  of  potassium  biniodate, 
the  acid  iodate,  KH  (103)2,  is  strongly  recommended  for  this  purpose,  however. 
It  can  be  obtained  sufficiently  pure  for  direct  weighing  without  further  purifica- 
tion, and  its  keeping  qualities  both  in  the  dry  state  and  in  solution  leave  little  to 
be  desired.  A  N/10  solution  is  prepared  by  dissolving  3.250  grams  in  distilkd 
water  and  making  up  to  1  liter.  A  N/40  solution  is  prepared  by  diluting  250  c. 
c.  of  the  N/10  solution  to  1  liter.  The  titration  is  exactly  the  same  as  when  po- 
tassium permanganate  or  bichromate  is  used  to  titrate  thiosulphate  BolutiaDr 
Since  the  use  of  potassium  biniodate  appears  to  be  limited,  the  procedure  wtQ 
be  given  in  detail. 
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flrrAin>ARDIZATION    OF   TRI08TTLPHATB    SOLTTTIONB  WITH   POTASSIUM    BINIODATB 

Reagents. — (a)  Standard  potassium  biniodate  solution,  also  caUod  potassium 
acid  lodate,  EaUumbijodat,  KHCIO,),  or  KIOs.HIOt:  molecular  weight  389.05. 
A  N/IO  solution  contains  9*250  grams  per  liter  according  to  the  following  reaction: 

KHaO,)2+10  KI+ll  HC1=11  Ka+6  H20+(6  Ia-=12  H) 

N/10  KHaOi)i=^||=3.2496=3.250  grams  per  liter. 

A  N740  solution  contains  0.8124  grams  per  Uter.  The  N/40  solution  is  best 
prefMuned  hy  diluting  250  c.  c.  of  N/10  potassium  biniodate  to  1  liter.  The  sol- 
ubility of  potassium  binibdate  is  1.33  per  cent  at  15^.  A  saturated  solution  would 
be  about  N/2.5.  Solutions  stronger  than  N/10  are  not  recommended.  Moderate 
heat  may  be  applied  when  a  solution  is  being  made  up;  the  solution  is,  of  couise, 
allowed  to  cool  before  mnlnn^  up  to  the  mark. 

(jby  Potassium  or  sodium  iodide.  The  dry  crystals  may  be  conveniently  used, 
if  free  from  iodates.  With  an  iodide  of  doubtful  purity  it  is  best  to  use  a  freshly 
prepso-ed  10  per  cent  solution  (5  grams  of  Nal  or  KI  in  about  50  c.  c.  of  distilled 
water). 

(c)  DHute  acid.  H1SO4, 1 :  10,  or  HC3, 1 : 5,  may  be  used.  HCl  should  be  free 
from  Olff. 

(d)  Starch  solution. 

//  acid  and  iodide  ore  knotm  to  he  pure: 

id)  Dissolre  a  few  crystals  of  KI  or  Nal,  about  0.5  gram,  in  50  c.  0.  of  distilled 
water  contained  in  a  200  c.  c.  beaker.  Solution  should  be  oomi^te  since  aeid 
added  in  next  step  may  react  with  crystalline  iodides. 

(&)  Add  2  c.  c.  of  dilute  acid;  if  no  color  develops,  proceed  as  und^  ''The 
titration ''  below. 

If  any  color  develops,  the  add-iodide  mixture  contains  impurities  which  must 
be  taken  into  consideration.  If  in  doubt  as  to  color,  or,  in  any  event,  with 
reagents  of  dubious  quality,  add  a  few  c.  c.  of  starch  solution  to  confirm.  If  no 
color  develops,  the  reagents  are  of  stiitable  quality.  Since  the  starch  would  inter- 
fere if  added  at  this  stage,  a  fresh  acid-iodide  solution  is  made  up  for  the  test. 
The  reaction  with  iodates  is  as  follows: 

KIOi+5  KH-3  H,S04«3  I,+K,S04+3  H,0 

//  iodide  or  acid  contain  impurUiea: 

(a)  Add  2  0.  c.  of  dilute  acid  to  50  c.  c.  of  distilled  water  contained  in  a  200  0.  e. 
beaker.     0.2  c.  c.  of  cone.  HaS04  may  be  added  instead  of  the  more  dilute  acid. 

(b)  Add  5  c.  c.  of  10  per  cent  iodide  solution. 

(c)  Add  1  or  2  c.  c.  of  starch  solution. 

(d)  If  a  color  develops,  titrate  to  an  end-point  with  the  thiosulphate  solution  to 
be  tested,  noting  the  amount  required.  This  amount  is  a  correction  to  be 
dedaeted  from  the  final  reading. 

(e)  Prepare  a  fresh  acid-iodide  solution  as  in  steps  "a"  and  "b"  under  this 
beading,  and  proceed  as  under  the  following: 

The  Htration. — (a)  Add  a  little  less  than  40  c.  c.  of  N/40  biniodate  to  a  200  c.  c. 
£iienn^yer  fiask.  Do  not  wait  for  burette  to  drain  completely.  Less  biniodate 
may,  of  course,  be  used,  depending  on  the  accuracy  which  is  sought.  The  pro- 
cedure as  outlined  should  check  within  one-tenth  of  1  per  cent. 

(6)  Adjust  and  read  the  burette  containing  the  thiosulphate  to  be  standardized. 

(c)  Pour  the  acid-iodide  solution  prepared  above  into  the  200  c.  0.  Erlenm^yer 
flask  containing  the  measured  amount  of  standard  biniodate. 
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(d)  Titrate  at  once  with  N/40  thiosulphate,  avoiding  agitation  until  the  balk 
of  the  thiosulphate  has  been  added.  The  solution  is  rather  concentrated  with 
respect  to  iodine,  and  loss  is  to  be  guarded  against. 

(e)  When  a  pale  straw  color  is  reached,  add  1  or  2  o.  c.  of  starch  sc^utlon  and 
titrate  to  an  end-point. 

(/)  The  end-point  may  be  checked  by  adding  enough  biniodate  to  cause  the 
color  to  return  and  again  reaching  an  end-point  with  thiosulphate.  If  any  great 
accuracy  is  desired,  the  sides  of  the  Erlenmeyer  flask  may  be  rinsed  down  with 
distilled  water.  It  is  convenient  to  use  exactly  40.00  c.  c.  of  binoidate  since  In 
this  case  0.10  c.  c.  equals  one-fourth  per  cent.  Burettes  will  drain  by  as  much  as 
0.2  c.  c;  hence  about  3  minutes  should  be  allowed  before  taking  the  final  readings. 

(g)  If  the  iodide  or  acid  contains  impurities,  the  amount  found  above  ("^'' 
under  ''if  iodide  or  acid  contain  impurities")  is  to  be  deducted  from  the  indicated 
amount  of  thiosulphate  required  for  the  neutralisation  of  the  biniodate. 

NOTSS   ON   ABOVB   PROCSnURB 

(a)  Biniodate  solutions  are  very  stable.  Under  average  conditions  the  N/10 
solution  will  hold  up  for  at  least  a  year. 

(6)  N/40KMnO4  or  N/40  KjCrjO,  may  be  substituted  for  N/40  KH(IQ|)> 
The  procedure  is  exactly  the  same  as  outlined. 

(c)  N/10  sodium  thiosulphate  may  be  standardised  as  above,  using  20  to  25 
0.  c.  of  N/10  biniodate,  and  twice  as  much  KI  and  dilute  acid,  i.  e.  10  c.  e.  of  10 
per  cent  KI  (1  gram)  and  4  or  5  c.  o.  of  1  :  10  HtSOi  (or  0.5  o.  o.  of  the  cono.  mdd). 

{d)  The  amount  of  iodide  used  is  far  in  excess  of  the  requirements  for  the  reac- 
tion given.  If  less  is  used,  however,  the  iodine  will  not  dissolve  and  may  escape 
by  volatilisation. 

(e)  Iodide  solutions  deteriorate  n4>idly.  Chem.  Abs.,  9:2280,  states  that  KI 
solutions  rendered  slightly  alkaline  with  Mg  (OH)a  will  keep  dear  in  bottles,  even 
in  the  light,  without  danger  of  decomposition. 

(/)  The  amount  of  acid  added  may  be  doubled  or  halved  without  apparent 
effect.  If  too  much  acid  is  added^  however,  the  starch  will  break  down  (erythro- 
dextrins)  forming  a  red  eolor  and  giving  a  poor  end-point.  If  too  little  is 
added,  the  reaction  will  not  proceed  as  above.  In  a  neutral  solution  the  biniodate 
is  only  one-twelfth  as  strong. 

6KIO,.HIOi+5KI=11KIOb+6I+3H,0 

Hence  one  molecule  of  KIOi.HIOs  liberates  only  one  atom  of  iodine  instead  of  12 
as  shown  above. 

(g)  Potassium  permanganate  may  be  substituted  for  potassium  biniodate  in 
the  above  procedure,  i.  e.,  once  the  value  of  the  thiosulphate  solution  has  been 
determined,  it  may  be  used  to  standardize  a  permanganate  solution. 

{h)  Potassium  iodate  may  also  be  used  to  titrate  hydroxide  solutions,  osiDg 
phenolphthalein  as  an  indicator.     In  this  case,  however,  the  reaction  is: 

KIO8.HIO3+ KOH = 2KI0j+ HaO 

i.  e.,  the  potassium  biniodate  has  only  one-twelfth  the  value  that  it  possesses  sc 
an  iodimetric  standard.  Otherwise  stated,  12.00  c.  c.  of  the  N/10  solution  pre- 
pared above  (3.250  grams  per  liter)  are  equivalent  to  1  c.  c.  of  N/10  KOH  (or 
NaOH).  The  hydroxide  solution  should  be  free  from  carbonates.  Tliisadi^rta* 
tion,  however,  possesses  no  particular  advantage. 
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nOCBITBB  rOB  DIBMOLVBD  OXTSCN  1VBT,  CBINa  THX  FBBIUNOAMATB  IfODinCA- 
TlOIt    or   TBE    WINKLBB   MSTHOD 

The  procodure  followed  was  essentially  that  given  In  Standard  Methods.  It 
has  been  found,  however,  that  the  results  are  apt  to  be  erratic  unless  the  pro- 
cedure is  adhered  to  strictly.  For  this  reason  the  method  will  be  reproduced  in 
(OEQcwhat  detailed  form.  Particular  importance  is  attached  to  the  avoidance 
i>f  an  excess  of  oxalate  solution,  since  with  any  great  excess  of  this  reagent  low 
results  are  obtained.  This  effect  Is  counterbalaaced  somewhat  by  the  addition 
of  an  excess  of  acid  just  before  the  titration.  For  this  reason  sulphuric  acid  is 
used  instead  of  hydrochloric  acid. 

In  many  cases  it  is  not  necessary  to  use  the  preliminary  treatment  with  [ter- 
manganate.     This  however,  is  best  determined  for  each  individual  waste. 

PRXUHINABT    TBBATMBNT    WITH    FESUANGANATB 

(a)  Add  0.7  0.  c.  of  concentrated  sulphuric  acid,  speeifio  gravity  1.84,  to  the 
Hmple  contained  in  a  300  c.  c.  bottle.  It  is  important  that  the  amount  of  acid 
called  for  should  not  be  exceeded.  The  0.7  o.  c.  portion,  for  ttiat  reason,  la 
best  added  with  a  2  c.  c.  plpett«. 

(b)  Add  1  e.  c.  of  N/S  KMnOi,  unless  experience  shows  that  a  la^er  amount  ia 
coDsisteatly  necessary  for  the  particular  sample  being  tested.  The  N/6  KMnOt 
oeed  be  but  approximate. 

(e)  Shake  well  and  allow  to  stand  for  20  miautee. 

(A  If  the  amount  of  KMnOi  added  as  in  "b"  appears  to  be  Insufflcieot  after 
tbe  sample  has  stood  for  some  time,  add  more  N/S  KMnOt  In  O.G  c.  e.  portions 
with  ■►■■^■"c  and  suitable  delay  between  additions.  The  attempt  should  be 
made  to  keep  tbe  amount  of  permanganate  added  down  to  a  Tniniiniitn 

(<)  After  the  sample  has  stood  for  20  minutes  is  tbe  presence  of  an  exeesa  ot 
penaanganate,  remove  the  stoppers  and  add  0.6  o.  c.  i^  3  per  cent  potassium 
oxalstfi  (KiCiO(.H]0).  This  solution  deteriorates  ra[ridly  and  should  be  made 
up  frcab  at  least  every  week.  Shaking  is  neoessary  for  the  proper  distribution  of 
tbeoxaUte. 

(/)  An  ezceaa  of  oxalate  Is  to  be  avoided  for  two  reasons: 

1.  Tlte  time  of  deoolorisation  is  lengthened  when  too  large  an  excess  of 

oxalate  is  added. 

2.  An  exeesB  of  ocalate  lowers  the  apparent  oxygeu  content  of  the  san^tlet 

(f)  If  after  standing  for  a  few  mlnutea  the  color  of  the  permanganate  still 
peralsta,  an  additional  0.5  c.  c.  of  3  per  cent  oxalate  la  added.  Unless  the  amount 
d  N/5  KMnOt  added  has  been  excessive,  this  second  portion  should  Induce 
complete  decolorisation. 

(A)  If  a  decided  excess  of  oxalate  is  added,  the  color  due  to  the  pennanganate 
will  be  quite  unchanged  until  deoolorization  is  almost  ready  to  take  place;  tbe 
sample  will  assume  a  brownish  color  if  the  amount  of  oxalate  added  was  insufficient, 

(0  When  the  permanganate  is  fully  decolorised,  ~ 

tbe  foUowing  order.     Do  not  add  less  than  the  lad 

1  c.  c.  of  manganous  sulphate  solution  and  3  c 

The  manganous  sulphate  solution  contains  480 

grams  of  MnS0<.2H,0  per  liter.     The  alkaline 

grams  td  KOH  (or  600  grams  of  NaOH}  and  1. 

of  Nal)  per  liter. 

If  tbe  preliminary  treatment  with  permanganate  ai 

used,  tbe  test  is  started  with  the  addition  of  2  c.  c.  ci 

and  alkaline-iodide  solutions.     The  subsequent    pi 
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0)  Shake  well  to  neutraUie  the  add  as  fast  as  possible  and  to  diatribttte  iiis 
precipitate  uniformly  throughout  the  bottle.  The  precipitate  is  then  allowed  to 
settle  until  contained  in  the  lower  half  of  the  bottle  and  the  bottle  again  shaken. 
If  a  clear  supernatant  is  not  obtained,  the  shaking  may  be  repeated. 

(ib)  Add  2  c.  c.  of  concentrated  sulphuric  acid,  specific  gravity  1.84.  The  add 
is  allowed  to  flow  down  the  neck  of  the  bottle. 

(f)  Shake  well,  since  the  liberated  iodine  diffuses  but  slowly.  It  shotdd  be 
uniformly  distributed  throughout  the  bottle  before  any  is  withdrawn  for  titration. 

(m)  If  the  preliminary  treatment  has  been  used,  pour  out  101.9  c.  c.  of  sample 
into  a  flask  calibrated  to  hold  that  amount.  The  correction  of  1.9  c.  c.  is  based 
on  the  assumption  that  the  reagents  are  entirely  devoid  of  oxygen; 

0.7  c.  c.  of  HsSOi 

1.0  c.  c.  of  N/5  KMnOi 

8.0  c.  0.  of  alkaline-iodide  solution 

1.0  c.  o.  of  manganous  sulphate  solution 

5.7  c.  c.  added  to  a  300  c.  c.  bottle  requires  a  correction  of  1.9. 

This  assumption  is  only  partly  correct,  since  some  of  the  reagents  undoubtedly 
oontained  some  oxygen.  No  correction  is  made  for  the  addition  of  oxalate  solu- 
tion, since  this  is  presumably  saturated  with  oxygen.  No  correction  need  be 
made  for  the  acid  added  just  before  the  titration,  since  no  dilution  of  the  .sample 
is  Involved.  The  correction  for  the  reagents  added  somewhat  biJances  the  slightiy 
lower  results  obtained  due  to  the  use  of  oxalate. 

If  the  preliminary  treatment  has  been  omitted,  101.3  c.  o.  of  sample  are  meas- 
ured out. 

If  desired,  200  o.  c.  portions  of  the  sample  may  be  titrated  or  the  entire  bottle 
may  be  taken.    It  is  not  believed,  however,  that  any  greater  accuracy  will  result 

(n)  Pour  out  the  measured  amount  of  sample  into  a  200  c  c.  Erlenmeyer  flaak 
and  titrate  with  N/40  thiosulphate  until  the  amount  of  iodine  remaining  is  about 
equivalent  to  0.5  c.  c.  of  N/40  thiosulphate.    This  is  a  pale  straw  color. 

(o)  Add  1  or  2  c.  c.  of  freshly  prepared  starch  solution  and  titrate  to  the  di^* 
appearance  of  the  blue  color.  The  end-i)oint  should  be  obtained  with  0.05  c  c 
of  N/40  thiosulphate  without  difficulty. 

(p)  Where  several  samples  are  being  run  at  the  same  time,  four  of  five  flasks 
may  be  poured  out  at  once  if  the  titrations  are  made  rajHdly  and  promptly.  The 
loss  of  iodine  by  diffusion  into  the  air  is  appreciable  if  the  oxygen  content  exoeedi, 
say,  7  parts  per  million,  and  the  titration  is  unduly  delayed. 

(q)  If  the  amount  titrated  is  equivalent  to  100  c.  c.  of  the  original  sample,  the 
dissolved  oxygen  content  In  parts  per  million  is  twice  the  number  of  cubic  centi- 
meters of  N/40  thiosulphate  used. 

11.  Biochemical  oxygen  demand. — The  excess  oxygen  method  was  used  in  aH 
the  determinations  made.  Since  this  method  is  not  described  in  Standard 
Methods  and  is  not  in  general  use  in  this  country,  it  will  be  given  somewhat  in 
detail.  The  method  has  been  used  extensively  by  the  Public  Health  Service 
with  good  results.  It  has  advantages  of  simulating  natural  conditions  more 
closely  than  any  other  and  the  values  derived  are  of  fundamental  importance. 
With  suitable  working  arrangements  the  tests  can  be  carried  out  rapidly  and 
conveniently. 

DEFINITIONS 

The  biochemical  oxj'^gen  demand  of  a  polluted  water,  a  sewage  or  an  industrial 
waste  is  defined  as  the  milligrams  of  oxygen  per  liter  required  for  the  stabilisatioQ 
of  its  organic  matter  by  aerobic  bacterial  action. 


I 
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The  initial  oxygen  demand  is  defined  as  the  milligrams  of  oxygen  per  liter  that 
may  be  taken  up  on  dilution  with  aerated  water  by  a  sample  devoid  of  oxygen 
even  if  the  sample  is  stmle.  This  purely  ehemical  part  of  the  oxygen  require- 
ment may  be  due  to  the  presence  of  easily  oxidizable  sulphides,  ferrous  salts,  etc., 
and  is  generally  satisfied  during  the  first  few  hours  of  incubation.  It  represents 
the  oxygen  which  would  be  required  within  a  few  hours  after  the  discharge  of  a 
waste  into  a  stream. 

RATIONALE   OF  THE   METHOD 

The  sample  is  incubated  at  20^  C.  for  a  definite  period  of  time.  The  dissolved 
oxygen  content  of  the  sample  b  determined  before  and  after  incubation,  and  the 
amount  of  oxygen  used  up  is  taken  as  a  measure  of  the  oxygen  demand  of  the 
sample  for  the  period  of  incubation  used.  If  there  is  an  appreciable  initial 
oxygen  demand  it  is  determined  and  deducted  from  the  total  value  to  obtain  the 
biochemical  oxygen  demand.  If  the  sample  is  sterile  it  must  be  seeded  with 
sewage  bacteria.  If  it  contains  an  insufficient  amount  of  dissolved  oxygen  it 
must  be  diluted  with  water  containing  dissolved  oxygen,  in  which  case  a  correc- 
tion must  be  made  for  the  oxygen  demand  of  the  diluting  water  used. 

APPABATUB,  QLASSWARJB 

CarhoyB. — Twenty  liter  capacity,  to  store  tap  water  for  dilution  purposes.  Dis- 
tilled water  may  be  used  without  storage,  if  of  suitable  quality. 

Jncif^bation  botttsa. — Preferably  of  250  to  300  c.  o.  capacity  and  provided  with 
ground'-glass  stoppers. 

Device  to  provide  for  volume  changee  during  incubation  or  for  entrapping  liberated 
oxygen. — If  it  is  desired  to  use  devices  of  this  character,  it  will  be  found  convenient 
to  uae  "open  tubes"  as  devised  by  H.  W.  S^^eter  at  the  Baltimore  sewage  labora- 
tory and  later  improved  by  him  in  connection  with  the  Ohao  River  Investigation 
by  the  United  States  Public  Health  Service.  .  These  tubes  are  6  inches  long,  and 
should  be  of  thick  glass  of  at  least  one-fourth  inch  intfide  diameter,  with  the  edges 
smoothed  in  a  flame.  They  are  fitted  at  the  center  with  a  piece  of  heavy  rubber 
tubing  one  inch  long,  slipping  snugly  over  the  tube,  and  of  such  thickness  as  to 
completely  close  the  neck  of  the  bottle.  This  device  acts  practically  as  a  one-hole 
rubber  stopper  and  a  piece  of  glass  tubing.  To  insert,  place  the  mobtened  tube 
in  the  bottle  until  the  rubber  touches  the  liquid,  then,  holding  the  index  finger 
over  the  open  end  of  the  tube,  depress  same  into  poaUan,  This  device  is  not 
reoommcAded  as  essential  for  20^  C.  work. 

Dilution  fiaske, — Two  are  required,  one  of  1,000  c.  c.  and  one  of  500  c.  c.  capacity. 

Siphons. — Two  siphons  are  necessary,  one  for  filling  the  dilution  flasks  (see 
Fig.  37)  and  a  smaller  one  for  filling  the  bottles  from  the  fiasks.  The  siphons  are 
easily  made  from  glass  and  rubber  tubing. 

Incubator, — This  should  be  Capable  of  regulation  within  one  degree  of  20^  C. 
Where  incubators  are  not  available,  the  samples  should  be  stored  in  the  dark  as 
near  to  20^  C.  as  possible  and  a  record  made  of  the  temperature. 

RBAQBNTS 

As  given  for  disserved  oxygen  determination  in  Standard  Methods  of  the 
American  Public  Health  Association. 
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DILI7TING  WATBB 

It  ia  essential  that  the  diluting  water  should  have  the  following  characteristlea 
at  the  time  of  use. 

(a)  Its  lO-day  bioehemieal  oxygen  demand  should  be  less  than  0.6  parts  per 
million. 

(6)  It  should  not  be  supersaturated  with  dissolved  oxygen;  L  e.,  Its  diseolved 
oxygen  content  should  be  less  than  9.0  parts  per  million. 

(c)  The  temperature  of  the  diluting  water  should  be  approximately  20^  C,  if  de- 
does  to  provide  for  volume  changes  during  incubation  are  not  used. 

Water  fulfilling  the  above  requirements  can  be  easily  obtained  by  atoring 
water  at  about  20°  C.  until  its  oxygen  demand  is  suitably  reduced.  For  Cin- 
cinnati tap  water,  with  a  10-day  oxygen  demand  of  about  1.3  parts  per  million, 
a  storage  period  of  7  to  8  days  is  sufficient. 

During  the  survey  it  was  impracticable  to  use  stored  tap  water  for  dilutloo 
purposes  and  accordingly  distilled  water  was  used.  The  results  obtained  indicate 
that  distilled  water  can  be  used  if  denred.  Apart  from  the  added  expenses 
involved,  the  use  of  stored  tap  water,  however,  is  probably  to  be  preferred,  since 
distilled  water  generally  contains  appreciable  amounts  of  free  anmionia  and 
nitrites  and,  being  presumably  sterile  and  devoid  of  mineral  salts,  is  not  strict]/ 
a  blank. 

PRELIMINARY   DETERMINATIONB   WITH   INDUSTRIAL   WASTES 

(a)  If  the  sample  is  acid  or  possesses  hydrate  alkalinity,  bacterial  activity  will 
be  inhibited.  Neutralize  with  NaHCO,  or  NaaCOa.  If  the  diluting  water  has  a 
high  bicarbonate  alkalinity,  this  may  be  sufficient  to  neutralise  the  acidity  or 
hydrate  alkalinity  of  the  sample  in  the  concentration  incubated. 

If  the  sample  is  acid  or  possesses  hydrate  alkalinity  or  has  been  boiled,  it 
should  be  seeded  with  sewage  bacteria  before  incubation. 

(b)  The  dissolved  oxygen  content  of  the  sample  is  an  index  of  its  biochemical 
oxygen  demand.  If  no  oxygen  is  present,  it  indicates  that  the  sample  is  heavily 
poUuted;  samples  which  have  been  heated  or  contain  reducing  chemicals  are  excep- 
tions. Dissolved  oxygen  may  also  be  present  if  the  pollution  is  but  recent.  If  the 
oxygen  content  is  high  the  sample  may  be  incubated  without  dilution,  e.  g.,  river 
water  and  effluents  of  good  quality  for  short  periods  of  incubation.  If  the  sample 
contains  over  9.0  parts  per  million  of  dissolved  oxygen,  "  open  tubes,"  as  described 
above,  may  be  used  to  trap  any  oxygen  which  might  be  liberated  or,  preferably, 
the  excess  of  oxygen  is  removed  by  applying  suction  to  a  bottle  partly  filled  with 
the  sample.  An  apparent  supersaturation  may  be  obtained  if  nitrites  are  present 
and  the  Rideal  modification  is  not  used. 

CHOICE  OF  CONCENTRATIONS  TO  BE  INCUBATED 

The  concentration  of  waste  incubated  should  be  such  that  sisable  depletions  are 
obtadned.  If  several  concentrations  are  to  be  put  up,  they  are  made  each  ^0  per  cent 
of  the  next  highest  until  the  desired  range  has  been  compassed.  The  number  of 
concentrations  to  be  incubated  will  depend  on  the  certainty  with  which  the  be- 
havior of  the  sample  is  known  and  the  duration  of  the  incubation.  For  raw 
sewage,  5  and  2.5  per  cent  concentrations  are  suggested  as  trial  amounts  for  5-day 
periods  of  incubation.  Final  effluents  of  good  quality  may  often  be  incubated 
without  dilution. 
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added  and  the  liter  flask  is  filled  to  the  mark  with  the  diluting  water,  moving  the 
siphon  up  and  down  to  secure  good  mixing.  The  contents  of  the  flask  are  then 
transferred  to  incubation  bottles,  using  a  small  siphon,  the  fir^t  portion  going 
over  being  rejected  in  order  to  clean  out  the  siphon.  The  three  bottles  are  first 
filled  half  full  and  then  nearly  to  overflowing.  Stoppers  or  tubes  are  then  placed 
in  the  bottles,  which  are  then  ready  for  incubation  or  for  the  determination  of  the 
initial  dissolved  oxygen  content.     (See  fig.  37.) 

If  several  concentrations  of  the  same  waste  are  to  be  incubated  together,  it  is 
convenient  to  put  up  one  stronger  than  actually  desired  and  to  prepare  the  others 
from  it.  This  procedure  lessens  the  sampling  error,  especially  if  the  concentra- 
tions to  be  put  up  are  small.  Thus  if  it  is  desired  to  incubate  1.0,  0.5,  0.25,  and 
0.125  per  cent  concentrations,  25  c.  c.  of  the  waste  are  made  up  to  500  c.  c.  with 
precautions  as  above.  The  required  concentrations  may  then  be  obtained  by 
making  up  to  1  liter  200,  100,  50,  and  25  c.  c.  portions  of  the  5  per  cent  concentra- 
tion in  the  500  c.  c.  flask.  The  mixture  in  the  500  c.  c.  flask  may  be  made  mort 
uniform  by  blowing  back  the  first  50  or  100  c.  c.  pipetted. 

In  all  the  manipulations  the  siphons  and  pipettes  are  kept  below  the  surface  of 
the  liquid,  not  so  much  to  avoid  reaeration  as  to  prevent  the  mechanical  eo- 
trainment  of  air  bubbles. 

In  general,  the  diluting  water,  prepared  as  above,  will  still  have  a  measurable 
oxygen  demand  after  storage.  To  determine  its  magnitude  bottles  of  the  same 
size  as  those  used  for  the  dilutions  are  filled  in  the  manner  described  above  with  the 
diluting  water,  rinsing  the  siphon  before  use  to  avoid  contamination.  These 
blanks  are  intubated  along  with  the  samples. 

Bottles  used  for  incubation  tests  should  be  cleaned  with  concentrated  sulphuric 
acid  (or  cleaning  mixture)  followed  by  thorough  rinsing  with  tap  water.  Unless 
this  precaution  is  taken,  the  values  found  for  the  blanks  will  be  misleading. 

DETERMINATION  OF  THE  INITIAL  OXYGEN  CONTENT 

The  initial  dissolved  oxygen  content  of  the  diluting  water  must  be  determined  in 
all  cases.  The  initial  oxygen  content  of  the  diluted  wastes  may  be  computed  from 
the  amount  of  waste  added.  If  determined  analytically,  the  three  following  casee 
should  be  borne  in  mind: 

(a)  The  oxygen  content  found  analytically  is  the  same  as  that  computed,  i.  e., 
the  waste  has  no  dissolved  oxygen  and  no  initial  oxygen  demand.  In  this  case,  if 
the  initial  oxygen  content  of  the  diluting  water  is  8.0,  the  dissolved  oxygen  con* 
tent  of  a  10  per  cent  concentration  is,  obviously,  7.2  parts  per  million. 

(6)  The  dilution  shows  a  higher  dissolved  oxygen  content  than  computed,  L  e., 
the  waste  has  some  dissolved  oxygen  in  it. 

(c)  The  dilution  shows  a  lower  dissolved  oxygen  content  than  computed*  i.  e., 
the  waste  has  an  initial  oxygen  demand.  In  this  case  the  computed  value  is  to 
be  used,  since  it  represents  what  was  actually  present  at  the  start  of  the  te«t. 
The  initial  oxygen  demand  may  be  determined  on  a  separate  portion  and  de* 
ducted  from  the  indicated  biochemical  oxygen  demand.  An  i^parent  initial 
oxygen  demand  may  be  found  if  the  Rideal  modification  is  not  used  in  the  presence 
of  much  organic  matter. 

If  several  dilutions  are  put  up  at  the  same  time,  the  initial  oxygen  content  of  oar 
is  determined  and  that  of  the  others  con4>uted.  If  the  concentrations  are  all  le» 
than  1  per  cent,  the  value  for  the  diluting  water  may  be  assumed  as  that  for  the 
diluted  sample. 
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INITXAL  OXTGSN  DSMANO 


Hie  bottle  chosen  for  this  detenxiination  is  allowed  to  stand  for  10  minutes  or 
longer  until  this  purely  chemical  part  of  the  reaction  has  been  satisfied.  Its 
oxygen  content  is  then  determinedi  using  the  Rideal  modification.  The  following 
Qlostration  will  make  the  method  of  computing  results  dear: 
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Initiml  dissolved  oxygen  content  of  the  diluting  water 8.  0 
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Initial  oxygen  demand  of  a  10  per  cent  concentration .  0.  6 

Initial  oxygen  demand  of  the  waste  is 0. 0 
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In  most  cases  the  initial  oxygen  demand  is  negligible  in  comparison  with  the  5  or 
10  day  demand  and  may  be  disregarded.  It  may,  however,  form  a  considerable 
portion  of  the  1-day  demand. 

PERIOD  OF  INCUBATION  TO  BE  CHOSEN 

A  10-day  incubation  period  is  taken  as  a  praetieal  li&nt  for  the  duration  of  a  test. 
The  10-day  oxygen  demand  is  90  per  cent  of  the  20-day  or  ultimate  oxygen  de- 
mand. It  has  been  shown,  however,  that  the  period  of  incubation  in  most  cases 
may  be  restricted  to  five  days  without  any  great  sacrifice  in  accuracy,  and  this 
is  the  period  recommended.  To  obtain  the  10-day  oxygen  demand,  the  Mbj 
value  is  multiplied  by  1.33,  or  the  value  found  is  simply  reported  as  the  ^Hiav 
oxygen  demand.  The  1-day  oxygen  demand  value  is  not  representative  aod 
may  be  misleading.  The  reader  is  referred  to  the  Public  Health  Reports,  May  7, 
1920,  for  a  discussion  of  the  rations  existing  between  oxygen  decnand  valuee 
over  different  periods  of  incubation. 

COMPUTATIONS 

Given  the  initial  and  final  oxygen  content  of  a  diluted  sample  over  any  period  of 
time,  the  oxygen  demand  of  the  sample  over  that  time  is  the  corrected  difference 
times  a  factor  for  the  concentration  used.  The  concentration  factor  is  the 
reciprocal  of  the  concentration  when  expressed  decimally.  Thus,  for  a  5  per 
cent  concentration,  or  decimally  expressed  0.06,  the  factor  is  20. 

The  correction  is  based  on  the  fact  that  the  diluting  water  itself  generally  has  an 
appreciable  oxygen  demand,  and  is  determined  by  incubating  the  water  under  the 
same  conditions  as  the  diluted  sample.  The  correction  should  be  calculated  for 
the  amount  of  diluting  water  present.  If  the  concentration  is  50  per  cent,  the 
correction  applied  should  be  one-half  the  value  found  for  the  diluting  water.  If  the 
concentmtions  are  less  than  10  per  cent,  the  correction  is  considered  equal  to 
the  biochemical  oxygen  demand  of  the  diluting  water  and  the  same  for  all  con- 
centrations. The  bench  sheet  (fig.  38)  will  make  clear  the  method  of  computing 
oxygen  demand  values  from  analytical  results. 

The  above  directions  have  been  compiled  from  methods  in  use  by  the  Public 
Health  Service  and  from  material  contained  in  Public  Health  Reprint  No.  594. 
Copies  of  the  reprint  may  be  obtained  from  the  Superintendent  of  Documents, 
Washington,  D.  C,  and  the  reader  is  referred  to  this  publication  for  furiher 
information. 

12.  Sludge  analyses. — The  procedures  given  in  Standard  Methods  were  fol- 
lowed quite  closely.  In  view  of  the  possible  importance  of  sludge  as  a  fertiliicr, 
rather  complete  analyses  were  made  of  the  sludge  ash. 
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THUU)  ANNUAL  CONFERENCE  OF 
ENGINEERS. 


TRANSACTIONS. 
MonODg  Sesskm,  Wednesday,  M 
The  Third  Annual  Conferencd  of  State 
called  to  order  by  Churmau  Emerson  in  roi 
die  Interior  Building,  Washington,  D.  C, 
iime,  on  May  17,  1922.  The  roll  call  shoi 
ireeent: 

Membekb. 

LricuMu 

Connecticut 

Tknd». 


loktacky 

f  innceota 

few  York 

{orth  Carolina.. 

)hio 

'ennsylavania.. 

Uiode  Island 

kiuth  Carolina.. , 


rftafaington. _........_........ 

FeBtViiginia 

J.  8.  P.  H,  S 

J.  S.  P.  n.  B , 

F.S.  P.  H.  S 

lomopcmding  secretary 

ViBrroRe, 
L.  J.  HcLaugUin,  aarisUnt  surgeon  general,  United  Sti 
?.  H.  Frert,  Hutgeoa,  United  States  Public  Health  Sen 
L  R.  Bapen,  paned  ueijtant  surgeon,  United  States  F 
.  W.  Tay,  sanitary  engineer,  Hawaii  Territorial  Board 
miiam  F.  Keohan,  Chemical  Foundation  (Inc.). 
.  Fischer  Miller,  Pacific  Flush  Tank  Co. 
larence  W.  Manh,  consulting  engineer. 
klwird  B.  Bevelievre,  consulting  engineer. 

Mr.  Emerson  presented  the  views  of  tl 
■egarding  membeiBhip  in  the  conference.  ^ 
\St.  Harrub,  seconded  and  carried,  that  n 
nembership  in  the  Conference  of  State  San 
^tate  sanitary  engineering  division  had  been 
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REPORT  OF  THE  CORRESPONDING  SECRETARY  OF  THE  CON- 
FERENCE OF  ^ATE  SANITARY  ENGINEERS,  MAY  17,  1922. 


As  brought  out  in  the  report  in  1921,  the  transmission  of  informa- 
tion to  State  sanitary  engineers  concerning  their  technical  activities 
was  continued  during  the  past  year.  State  sanitary  engineers  were 
assisted  in  obtaining  information  regarding  special  technical  prob- 
lems in  garbage  disposal,  camp  sanitation,  etc.,  on  various  occasions. 
Through  the  Public  Health  Engineering  Abstracts  articles  of  interest 
were  brought  to  the  attention  of  the  State  sanitary  engineers.  This 
service  has  been  improved  by  increasing  the  number  of  abstractors, 
who  at  present  are  Associate  Sanitary  Engineer  A.  F.  Allen,  Dr. 
H.  R.  Carter,  Assistant  Sanitary  Engineer  J.  I.  Connolly,  Junior  Assist- 
ant Sanitary  Engineer  A.  L.  Dopmeyer,  Associate  Sanitary  Engineer 
L.  M.  Fisher,  Assistant  Sanitary  Engineer  A.  E.  Gk>rman,  Sanitary 
Engineer  W.  E.  Hardenburgh,  Mr.  Frank  Hannan,  Sanitary  Engineer 
H.  B.  Hommon,  Junior  Assistant  Sanitary  Engineer  L.  D.  Mars,  Assist- 
ant Sanitary  Engineer  I.  W.  Mendelsc^m,  Junior  Assistant  Sanitary 
Engineer  A.  P.  Miller,  Associate  Sanitary  Engineer  Sol  Pincus, 
Junior  Assistant  Sanitary  Engineer  E.  C.  Sullivan,  Assistant  Chemist 
E.  J.  Theriault,  Mr.  R.  E.  Thompson,  Associate  Sanitary  Engineer 
H.  H.  Wagenhals,  and  Mr.  Abel  Wolman. 

It  is  intended  to  issue  an  index  for  the  1921  abstracts  within  the 
next  few  weeks. 

The  transactions  of  the  Conference  of  State  Sanitary  Engineers  for 
the  1920  meeting  have  already  been  printed  and  copies  of  the 
transactions  of  the  1921  meeting  will  soon  be  available. 

Mr.  H.  A.  Whittaker,  director,  division  of  sanitation,  Minnesota 
State  Board  of  Health,  then  read  the  report  of  the  committee  on 
laws,  organization,  policy,  and  procedure. 
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REPORT  OF  COMMITTEE  ON  LAWS,  ORGANIZATION,  POUCY, 

AND  PROCEDURE. 


The  committee  has  collected  certain  information  from  State  boards 
and  d^artments  of  health  in  the  United  States  concerning  the  sub- 
divisions of  their  organization  which  include  in  their  activities  sani- 
tary engineering  problems.  This  information  was  collected  primarily 
for  the  purpose  of  assembling  data  on  the  existing  facilities  for  carry- 
ing on  sanitary  engineering  work  in  the  several  States.  A  question- 
naire was  prepared  and  sent  to  the  States,  which  in  general  requested 
the  following  information:  The  name  of  the  subdivision  handling 
the  sanitary  engineering  problems;  the  date  and  authority  for  its 
establishment;  its  duties,  funds,  personnel,  laboratory  facilities,  and 
laws  and  r^ulations  requiring  approval  of  plans  on  sanitary  works. 
Information  was  also  requested  on  the  work  accomplished  by  each 
State  along  sanitary  engineering  lines  and  the  extent  of  the  work 
avaflable.  It  was  thought  that  this  information  might  be  of  value 
in  determining  the  need  for  extending  sanitary  engineering  activities 
in  States  where  inadequate  facilities  were  provided.  The  material 
received  in  reply  to  this  question  was  so  indefinite  in  most  instances 
that  the  committee  decided  it  could  not  be  correlated  in  such  a  form 
that  any  satisfactory  data  could  be  obtained  from  it. 

Material  was  supplied  by  38  States,  of  which  31  have  subdivisions 
in  their  organization  handling  sanitary  engineering  problems.  Of 
the  seren  States  having  no  separately  organized  subdivision  for  this 
work,  two,  namely,  Missoiui  and  Oregon,  are  assisted  by  sanitary 
engineers  of  the  United  States  Public  Health  Service;  two  States, 
namely,  South  Carolina  and  North  Dakota,  have  State  sanitary 
engineers  who  undertake  certain  work  on  water  supplies  and  sewer- 
age systems.  The  State  of  South  Carolina  i^  also  undertaking  work 
on  malaria  control  in  cooperation  with  the  United  States  Public 
Health  Service.  The  State  of  Arizona  receives  a  small  appropria^ 
tion  for  rural  sanitation  which  is  expended  under  the  direction  of 
the  State  superintendent  of  health.  The  department  of  public 
welfare  of  the  State  of  Idaho  undertakes  certain  examinations  of 
water  supplies,  nulk  supplies,  and  investigations  of  sewage  disposal. 
The  State  of  Wyoming  reports  that  no  work  is  undertaken  along 
sanitary  engineering  lines. 


4  CONFERENCE  OF  STATE  SANITARY  ENGINEERS. 

DESIGNATION  OF  DIVISION,  DATE,  AND  AUTHORITY  FOR  ESTABUSHKENT. 

There  is  a  variety  of  names  used  to  designate  the  subdivision  of 
health  work  undertaking  sanitary  engineering  problems.  Of  tiie 
31  States  having  this  branch  of  health  work,  11,  namely,  the  States 
of  Alabama,  California,  Connecticut,  Florida,  Kentucky,  Louisiaiiar 
Maryland,  Mississippi,  Tennessee,  Texas,  and  Wisconsin,  use  the 
designation  "Bureau  of  sanitary  engineering";  the  following  States 
use  the  designation  "Division  of  sanitary  engineering":  Arkansas, 
Massachusetts,  Nebraska,  New  York,  Ohio,  Pennsylvania,  Washing- 
ton, and  West  Virginia.  The  States  of  Kansas  and  Montana  use  tiie 
title  of  "Division  of  water  and  sewage."  The  remaining  10  States 
use  titles  as  follows:  Michigan,  "Bureau  of  engineering";  North 
Carolina,  "Bureau  of  sanitary  engineering  and  inspection";  Minne- 
sota, "Division  of  sanitation";  Georgia,  "Division  of  sanitary 
engineering  and  water  analysis";  Illinois,  "Division  of  engine^ing 
and  sanitation";  New  Mexico,  "Division  of  sanitary  engineering  and 
sanitation";  Rhode  Island,  "Division  of  chemistry  and  sanitary 
engineering";  Indiana,  "Division  of  chemistry,  water  and  sewage 
department";  Virginia,  "Sanitary  engineering  division";  and  New 
Hampshire,  "Chemical  department.  State  laboratory  of  hygiene," 

All  of  these  subdivisions,  in  their  present  form  of  organization, 
have  been  established  since  1897;  about  14  per  cent  prior  to  1910 
and  86  per  cent  since  that  time.  It  should  be  imderstood  that  some 
of  these  States  have  been  doing  work  on  sanitary  engineering  prob- 
lems for  many  years  prior  to  the  date  indicated,  but  under  a  different 
form  of  organization.  This  indicates  the  comparatively  recent 
recognition  of  the  necessity  for  a  separate  subdivision  of  this  kind 
in  public  health  organizations.  Thirteen  States  reported  that  their 
subdivisions  were  created  by  board  or  department  action,  15  by 
State  law  or  act,  and  in  3  cases  no  information  was  provided  as  to 
what  legal  authority  governed  their  establishment. 

DUTIES. 

A  wide  range  of  duties  have  been  assigned  by  the  various  States 
to  this  subdivision  of  health  work.  An  enumeration  of  the  duties 
reported  include  the  following  general  subjects:  Water  supplies, 
milk  supplies,  ice  supplies,  sewerage  systems  and  sewage  disposal, 
stream  pollution,  shellfish,  trade-waste  disposal,  plumbing,  garbage 
and  refuse  disposal,  nuisances,  offensive  trades,  abattoirs,  building 
sanitation,  housing,  rat-proofing,  fly  eradication,  swimming  pook 
and  bathing  beaches,  rural  sanitation,  and  epidemics  (milk  and  water- 
borne)  . 
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FUNDS  AVAILABLE. 

Of  the  31  States  handling  sanitary  engineering  problems  under  a 
8q>arate  subdivision,  23  reported  that  definite  appropriations  were 
made  to  carry  on  this  work.  In  some  instances  the  total  funds  were 
not  all  appropriated  directly  for  sanitary  engineering,  but  were 
partly  obtained  from  other  funds  of  the  board  or  department  of  health 
or  from  fees  for  sanitary  engineering  or  laboratory  wOTk  connected 
with  sanitary  aiigineering-  problems.  Sev^i  States  reporting  receive 
DO  direct  appropriation  for  this  work,  but  carry  on  their  activities 
from  oih^  funds  of  their  boards  or  departments  of  health.  One 
State  derives  its  resources  from  a  State  tax  on  privies;  no  information 
was  given  as  to  the  amount  received. 

PERSONNEL. 

Tlie  information  supplied  concerning  the  personnel  having  charge 
of  sanitary  engineering  problems  in  the  35  States  reporting  activities 
along  these  lines  indicates  that  there  is  very  little  uniformity  in  the 
classification  of  personnel  engaged  in  this  branch  of  health  work. 
The  titles  of  positions  given  to  those  in  charge  of  the  work  in  the 
various  States  are  as  follows:  State  sanitary  engineer,  chief  engineer, 
chief  sanitary  engineer,  and  director  or  chief  of  bureau,  division,  or 
department.  The  salaries  paid  these  positions  range  from  $2,400  to 
S7,000  per  annum.  Other  personnel  attached  to  this  branch  of 
healUi  work  are  assistant  engineers  (all  grades),  with  salaries  ranging  ' 
from  $1,800  to  $3,450;  engineering  assistants,  with  salaries  ranging 
from  $1,200  to  $2,000;  inspectors,  salaries  ranging  from  $1,500  to 
$2,500;  draftsmen,  $1,500  to  $1,800;  ch^ists,  $1,200  to  $1,800; 
assistant  chemists,  $720  to  $1,800;  bacteriologists,  $1,200  to  $3,000; 
assistant  bacteriologists,  $900  to  $1,500;  laboratory  assistants,  $900 
to  $2,400;  afid  analysts  and  technicians,  $060  to  $2,700. 

LABORATORT  FACnJTIES  AND  RESPONSIBnJTY  FOR    LABORATORY 

WORK. 

Information  provided  in  reply  to  the  inquiry  as  to  whether  the 
laboratory  work  covering  sanitary  engineering  problems  is  imder 
the  direct  supervision  of  the  sanitary  engineering  subdivision  of  the 
State  board  or  department  of  health,  or  under  supervision  of  some 
other  subdivision,  indicates  that  13  of  the  33  States  reporting  on 
this  question  have  laboratory  work  on  sanitary  engineering  problems 
supervised  by  sanitary  engineers  or  sanitary  engineering  subdivisions. 
In  one  State  the  sewage  and  industrial  wastes  laboratory  is  under 
direct  supervision  of  the  bureau  of  s^tary  engineering  while  the 
water  work  is  done  in  the  general  laboi^tory  of  the  board.  In  19 
States  where  the  sanitary  engineering  laboratory  work  is  under  the 
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supervision  of  a  laboratory  division,  th^  results  are  interpreted  in  12 
States  by  the  sanitary  engineering  division  or  the  sanitary  engineer; 
in  2  States  the  results  on  public  supplies  are  interpreted  by  the 
sanitary  engineering  division,  and  private  supplies  by  the  laboratory; 
and  in  2  States  the  results  are  interpreted  both  by  engineering  and 
laboratory  divisions.  Eighteen  States  reported  that  they  are  making 
analytical  examinations  of  samples  of  water  on  supplies  where  no 
field  investigation  has  been  made  to  determine  the  condition  of  the 
supply.  Two  States  reported  making  analytical  examinations  on 
private  supplies  only  where  no  field  investigations  had  been  made. 
The  principal  reasons  given  why  some  of  the  present  methods  of 
conducting  laboratory  work  are  not  satisfactory  are  lack  of  equip- 
ment and  personnel,  and  the  lack  of  correlation  and  cooperation  of 
work  between  laboratory  and  sanitary  engineering  divisions. 

LAWS   AND   REGULATIONS   REQUIRING   APPROVAL   OF  PLANS   ON   SAJH- 

TARY  WORKS. 

The  following  States  have  laws  requiring  the  approval  of  plans 
on  water  and  sewerage  systems:  Connecticut,  Kansas,  Massachusetts, 
Maryland,  Michigan,  New  Hampshire,  North  Carolina,  Ohio,  Penn- 
sylvania, West  Virginia,  and  Wisconsin.  The  States  of  Alabama 
and  Virginia  require  the  approval  of  plans  on  watei^supply  systems 
only.  The  public  health  law  of  New  York  requires  the  approval  of 
plans  for  <tll  systems  of  sewerage  and  sewage  disposal,  for  water 
and  sewage  disposal  installations  and  systems  for  State  institutions, 
and  for  plans  for  mosquito  extermination  work.  The  following 
States  require  the  approval  of  plans  on  water-supply  and  sewerage 
systems  by  regulations  of  th^  boards  or  departments  of  health: 
Arkansas,  Qeorgia,  Illinois,  Kentucky,  Louisiana,  Minnesota,  Mis- 
sissippi, Montana,  Nebraska,  New  Mexico,  and  Tennessee.  The 
State  laws  of  Maryland  and  Wisconsin  require  the  approval  of  |dans 
on  refuse  disposal  works.  Regulations  of  the  State  Board  of  Health 
of  Minnesota  require  the  approval  of  plans  on  refuse  disposal  worics 
and  milk  pasteurization  plants. 

CONCLUSION. 

It  is  apparent  that  there  is  a  growing  appreciation  of  the  ne^ 
for  a  subdivision  of  work  in  the  various  State  boards  and  depart- 
ments of  health  for  handling  sanitary  engineering  problems.  This 
is  evidenced  by  the  nimiber  of  subdivisions  which  have  been  oreated 
recently  in  the  various  health  organizations  throughout  the  country. 

A  review  of  the  data  contained  in  this  report  indicates  that  there 
is  very  little  uniformity  *  in  the  organizations  of  State  boards  and 
departments  in  regard  to  their  subdivisions  handling  sanitary  engi- 
neering problems;  this  lack  of  uniformity  was  apparent  in  pnicti- 
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cally  every  phase  of  information  assembled  in 
undoubtedly  due  to  the  great  variety  of  condit 
branch  of  health  work  has  been  established  u 
the  original  intention  of  the  committee  to  ma 
the  organization  of  subdivisions  for  handling 
problems  in  State  boards  or  departmonts  of  he 
suggesting  a  scheme  of  oi^anization  for  tbis  bi 
but  after  giving  the  matter  careful  consideratii 
decided  that  it  can  bast  serve  the  inunediate  m 
by  wHlertaking  each  year  a  detailed  study  of 
lawB,  organization,  policy,  or  procedure  rathe: 
this  time  the  general  problem  of  orgaotEation. 

A  motion  made  by  Mr.  Ferguson  was  secoi 
this  report  be  accepted  by  the  conference. 

A  motion  was  made,  seconded,  and  carried  t! 
secretary  collect  d&ta  from  each  sanitary  engi: 
salaries  of  employees  at  present  and  transmit 
the  members  of  the  conference. 

It  was  decided  that  copies  of  complete  com 
be  furnished  the  corresponding  secretary  by  tl 
inquiriea  or  questionnaires  concerning  the  Wf 
engineering  diviaons  should  be  referred  to  th( 
tary  for  reply. 

Doctor  McLaughlin  spoke  on  the  cooperat 
cedore  for  interstate  carrier  waters,  remarking 
rasulta  obtained  under  the  present  policy. 

Mr.  W.  H.  Dittoe,  chief  division  of  sanitt 
State  Department  of  Health,  then  read  the  re] 
on  water  supply  and  water  purification  in  w 
trative  modifications  in  the  present  cooperal 
cedure  were  considered. 
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PURinCATION. 


Under  date  of  March  10,  1922,  Mr.  C.  A.  Eknerson,  jr.,  chairman 
of  the  executiTe  committee  of  the  Conference  of  State  Sanitary 
Engineers,  referred  to  the  committee  on  water  supply  and  water 
purification  a  commimication  from  Dr.  C.  C.  Pierce,  acting  surgeon 
general.  United  States  Public  Health  Service,  dated  March  4,  1922. 
This  commimication  requests  consideration  by  the  Oonferenoe  of 
State  Sanitary  Engineers  of  the  proposed  amendment  to  section  2& 
of  the  interstate  quarantine  regulations  by  the  addition  of  the  follow- 
ing paragraph: 

(6)  Toilet  wastes,  water  baUast,  and  other  polluting  material  shaU  not  be  disdiaiged 
from  any  vessel  while  it  is  in  the  vicinity  of  waterworks  intakea  used  for  public  water 
supplies.  The  State  health  authorities  having  jurisdiction  shaU  delimit  the  areas 
sunounding  intakes  whidi  shall  be  protected  against  such  poUution  and  ahaU  notify 
the  managing  officers  of  the  shipping  companies  concerned  thereof. 

The  communication  also  requests  consideration  by  the  Conference 
of  State  Sanitary  Engineers  of  the  present  cooperative  certification 
procedure  concerning  water  suppUes  used  by  common  carriers  in 
interstate  traffic,  and  that  the  conference  make  such  recommenda- 
tions as  may  be  deemed  advisable  in  order  to  improve  the  procedure 
and  make  it  more  effective. 

The  following  report  of  the  committee  on  water  supply  and  water 
purification  is  submitted  pursuant  to  the  above  reference; 

PREVIOUS   COMMITTEB   REPORTS. 

At  the  meeting  of  the  Conference  of  State  Sanitary  En^eers  held 
June  1  and  2,  1921,  a  report  was  submitted  by  the  committee  on 
certification  procedure.  This  report  contained  recommendations 
which  were  adopted  by  the  Conference  of  State  Sanitary  Engineers. 

At  the  Conference  of  State  and  Territorial  Health  Authorities  June 
3  and  4,  1921,  the  committee  on  certification  policy  submitted  a 
report  containing  recommendations  of  modification  in  procedure. 
This  report  was  adopted  by  the  conference  and  the  recommendations 
were  subsequently  carried  out  in  the  preparation  of  instructions 
issued  by  the  United  States  Public  Health  Service  concerning  the 
certification  of  water  supplies. 
8 
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PBOPOBBD    AIIBNDMBNT    TO    SECTION     28,     ENT^tBTATB    QUAKANTINV 

BEOULATIONS. 

This  committee  rect^nizes  the  Decesaity  of  pieveDtiiig  the  dia- 
durge  of  sew^e  from  vessels  at  points  in  the  vitunity  of  public 
water  supply  intakes  and  is  of  opinion  that  the  proposed  amendment 
should  be  indorsed. 

Tiua  committee  also  suggests  consideration  of  further  amendments 
to  section  28  which  will  provide  for  t^e  use  of  water-tig^t  storage 
containers  for  sewage  on  steam  and  electric  railroad  cats  and  on 
vessels.  In  making  tliis  suggestion  this  committee  considers  the 
ffdlowing  points  of  importance: 

First.  The  uncertainty  of  the  required  extent  of  the  zone  of  pro- 
tection of  the  water  supply.  This  is  particulariy  a  difficult  question 
in  the  case  of  river  supplies. 

Second.  Convenience  of  the  traveler! 

Third.  The  impracticability  of  wholly  preventing  sewage  di»* 
charge  by  the  method  of  locking  toilet  rooms. 

Fourth.  The  condition  of  nuisance  which  exists  generally  at  sta- 
tions as  a  result  of  the  spilling  of  sewage  on  station  platforms  and 
tracks. 

CBBTinOATION  PbOOEDUBB. 

SCX>FE  OF  INTEKSTATE   QDARANTINE   REOULATIO 

This  committee  considers  it  advisable  to  explain  that  ii 
with  an  opinion  of  the  Solicitor  of  the  Treasury  Depart 
United  States,  the  scope  of  the  Interstate  Quarantine 
applying  to  water-supply  certification  is  sufficiently  brc 
idl  passenger  caniers  in  intrastate  as  well  as  interstate  1 
all  freight  carriers  in  interstate  business: 

SIONINO  OF  CBKnnCAIVS. 

This  committee  considers  it  important  to  state  that 
ment  by  the  State  health  department  of  certificates  of  t 
of  water  should  be  the  signature  of  the  executive  officer  d 
ment.  This  renders  the  indorsement  official  which  is 
the  case  if  the  chief  of  a  division  of  the  health  departme 
certificate. 

KOTIFICATION     TO    CABBIERS     REOARDINO     CSE     AND    DISCI 
OF    USE  OF  A   WAXES   SDFFLT. 

Much  misunderstanding  has  existed  regarding  this 
your   committee    desires   to    set   forth   the    following  f 
procedure: 

ViTBl,  Wlien  K  favotuble  or  unf&vontble  certiiicate  ol  a  water  lUi^Iy 
the  State  tw»ltli  d«pv(ment  and  trammitted  t«  the  Surgeon  General 
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tile  carrier  by  the  State  health  department  is  unoecesnry.  Sudi  notificatieQ  is 
to  be  given  by  the  Surgeon  General. 

Second.  When  a  water  supply  which  has  been  certified  is  in  uae  and  an  un!oce< 
seen  drcumstance  arises  rendering  such  water  supply  unsafe,  the  State  health 
department  should  notify  the  Surgeon  Gener^  by  wire  confrming  such  notificatkn 
by  letter  in  order  that  formal  notification  to  the  carrier  of  withdrawal  of  the  certifi- 
cate for  such  water  supply  can  be  issued  by  the  Surgeon  General. 

Third.  In  case  a  water  supply,  which  has  previously  been  denied  a  c^tificate, 
is  improved  so  as  to  permit  certification,  the  State  health  department  should  notify 
all  carriers  to  which  such  supply  is  available  in  order  that  ^ey  may  eobmit  to  the 
Surgeon  General  request  for  certification  of  the  supply  as  improved. 

NUMBER  OP  WATER   SUFPIJES  INVOLVED. 

This  committee  is  impressed  with  the  belief  that  the  public  car- 
rieiSi  particularly  the  ndkoads,  request  certification  of  many  more 
individual  sources  of  water  supply  than  the  conditions  require. 
It  appears  likely  that  many  sources  proposed  are  used  rarely,  if 
ever.  This  results  in  greatly  increasing  the  work  necessary  and  as 
most  State  health  departments  are  limited  in  personnel,  the  thor- 
oughness of  the  control  is  affected.  This  committee  suggests  that 
the  Surgeon  Greneral  urge  all  public  carriers  to  give  careful  consid- 
eration to  the  general  supervision  of  their  water-supply  work  with 
the  object  of  limiting  as  much  as  possible  the  number  of  sources 
of  water  supplies  used. 

ICE. 

Section  19,  paragraph  (d),of  the  Interstate  Quarantine  Regula- 
tions, provides  that  "water  cooled  for  drinking  purposes  shall  be 
cooled  in  such  manner  that  ice  can  not  come  into  contact  with 
such  water."  The  enforcement  of  this  regulation  requires  improved 
coolers  separating  the  ice  from  the  water  cooled.  This  regulation 
is  in  effect  as  regards  new  transportation  equipment,  but  its  en- 
forcement is  withheld  imtil  July  1,  1924,  with  regard  to  old  equip- 
ment. Before  that  date  new  coolers  are  to  be  installed  in  all 
existing  transportation  equipment.  In  the  meantime  ice  must 
be  used  in  direct  contact  with  water  in  such  cases.  There  is  no 
regulation  requiring  certification  of  ice.  This  committee  is  of 
opinion  that  a  regulation  should  be  made  effective  specifying  that 
ice  used  in  direct  contact  with  water  must  be  distilled  water  ice 
or  natural  or  artificial  ice  of  known  purity  and  that  such  ice  shall 
be  handled  in  such  manner  that  the  safety  or  sanitary  quality  shall 
not  be  impaired. 

TRANSPORTED   WATER   SUPPLIES. 

In  nimierous  cases  carriers  transported  water  from  a  certified 
source  to  a  distant  point  where  it  is  used  for  filling  water  coolers.  This 
procedure  should  be  avoided,  if  possible,  owing  to  the  danger  of 
contaminating  the  water  supply  in  handling.     In  some  cases  trans- 
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rartation  is  necessary,  and  this  committee  considers  it  ad\ 
>ffer  explanation  of  procedure  to  be  followed  in  such  ioatan 

Fhst.  When  the  source  of  supply  and  the  watering  point  i 
isme  State,  the  State  health  department  should  certify  tl 
)f  supply  used,  and  the  certificate  should  indicate  the  locati 
catering  point  or  points  to  which  the  water  is  to  be  transpi 

Second.  When  Uie  source  is  in  a  different  State  from  the 
>otot,  the  State  health  department  having  jurisdiction 
ource  should  prepare  the  certificate  in  quadruplicate,  sen 
»pie6  to  the  Surgeon  General  and  one  copy  to  the  Stai 
lepartmeat  having  jurisdiction  over  the  watering  point. 

HAIfDUXO    OP    WATER. 

While  the  Interstate  Quarantine  Regulations,  section  '. 
:raph  (d),  require  carriers  to  cause  water  to  be  handled  in  a 
anitary  manner,  this  feature  is  quite  frequently  n^let 
esult  being  that  water  originally  satisfactory  may  becc 
aminated  in  handling.  In  endeavoring  to  control  the  q 
valer  used  in  interstate  traffic  it  is  not  sufficient  to  insure  t 
>f  the  water  supply  at  the  source,  but  every  step  from  the  : 
he  consumer  must  be  carefully  guarded.  This  commiti 
ipinion  that  this  is  one  of  the  most  important  features  c 
rith  the  supervision  of  water  supplies  for  interstate  can 
ecommends  that  the  Interstate  Quarantine  Regulations 
aspect  be  strictly  enforced. 

The  conference  indorsed  the  proposed  amendment  to  sect 
he  Interstate  Quarantine  Kegulations,  which  consisted  o 
he  following  paragraph: 

(b)  Toil«t  waBteB.intter  ballaat,  uid  other  polluting  nutarial  sludl  not  be 
tun  may  v«ael  while  it  ia  in  the  vidnily  of  wfttanrorka  inl^kes  lued  (or  pi 
ipplicB.  The  State  health  authoritiei  having  jurisdiction  shAll  delimi 
iirounding  intakes  which  shall  be  protected  against  such  pollution  and  i 
ie  managing  officen  of  the  shipping  companiee  concerned  thereof , 

A  motion  was  made,  seconded,  and  carried  that  this  r 
ccepted  by  the  conference. 

The  conference  then  adjourned  until  the  afternoon  sei 
lOon). 

May  17,  1922,  AfteriKMm  SesBini. 

After  a  trip  in  Arlington  County,  Va.,  to  inspect  the  sanita 
ions,  the  conference  was  reconvened  in  the  Arlington  co 
t  3  p.  m.,  Mr.  Emerson  presiding. 

iSr.  Stephen  De  M.  Gage,  chemist  and  sanitary  engine 
(otrd  of  Health  of  Rhode  Island,  presented  the  report  of 
iitt«e  on  bathing  places. 


REPORT  OF  THE  COMMITTEE  ON  BATfflNG  PLACES. 


The  four  members  of  your  committee  are  also  all  members  of  & 
similar  committee  of  the  sanitary  engineering  section  of  the  American 
Public  Health  Association.  Mr.  E.  S.  Tisdale,  of  West  Virginia,  who 
is  also  a  member  of  the  American  Public  Health  Association  com- 
mittee, at  our  request  has  served  as  an  associate  member  of  our  com- 
mittee. These  two  committees  have  been  able  to  work  together  as 
a  single  body  and  to  pursue  a  regular  and  systematic  sequence  of 
investigations  without  xmnecessary  duplication  of  effort.  We  would 
suggest  to  the  conference  that  Mr.  Tisdale  be  added  to  your  com- 
mittee, thus  making  the  committees  of  the  two  organizations  identical 
in  personnel. 

LIQUID   CHLORINE  FOB  POOL  PI8INFSCTION. 

Through  the  courtesy  of  the  Wallace  &  Tieman  Co.  a  list  of 
swimming  pools  using  liquid  chlorine  was  obtained  and  informatioD 
from  these  various  pools  was  requested.  Replies  were  received 
from  44  pools  located  in  20  States  and  the  District  of  Colmnbia. 

Twenty-seven  of  the  pools  were  able  to  report  on  their  dosage. 
Seventeen  pools  did  not  know  how  much  chlorine  they  were  using 
or  whether  they  were  using  any  excess  or  not.  All  of  the  44  pools 
reporting  stated  that  bacterial  analyses  were  made  of  their  pool 
waters  at  intervals,  but  only  a  few  of  the  pools  stated  t^at  thej 
attempted  to  control  the  chlorine  dosage  by  analytical  means. 
The  known  chlorine  dosage  varied  from  a  minimuTn  of  0.4  pound 
to  a  maximiun  of  20  poimds  per  million  gallons,  the  average  doea^ 
being  6.6  poimds  and  the  median  about  6  pounds  per  million  gaDons. 

Eleven  (25  per  cent)  of  the  pools  reported  that  an  excess  of  chlo- 
rine was  piuposely  added  to  the  water.  In  only  seven  instances 
was  the  excess  checked  by  analysis.  In  only  two  instances  was 
a  definite  excess  added.  All  others  using  an  excess  merely  added 
a  sufficient  amoimt  of  chlorine  to  yield  a  positive  reaction.  At  two 
pools  the  excess  added  was  0.4  andi).6p.  p.  m.  chlorine. 

At  17  (39  per  cent)  of  the  pools  reporting  tiie  bathers  have  com- 
plained about  the  excess"  chlorine  in  the  water*  The  nature  of  the 
various  complaints  were  as  follows- 

Itching  or  irritation  of  skin S 

Disagreeable  odor .....^ * 

Bad  taste - -..-.... 1 

Irritation  of  eyes * - i* 

12 
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From  Tuiom  Bouroas  we  hare  aitompted  to  obt«in  opinions  fw 
>o  the  amount  of  excess  chlorine  needed  in  swimming  pool  waters 
io  obtain  safety  from  tbe  tranamiasion  of  disease  and  at  the  same 
ime  safeguard  against  irritation  of  the  eyes,  and  other  mucous 
raifacee.  The  consoisus  of  opinitui  among  many  water  supply  and 
lealth  officials  seems  to  be  that  for  safety  against  disaase  transmia- 
utm  at  least  0.5  p.  p.  m.  excess  chlorine  should  be  hdd  in  the  water 
%t  all  times  whea  there  is  any  appreciable  bathing  load.  As  to  how 
naob  chlorine  can  be  used  without  causing  irritation  of  the  eyes,  we 
oave  been  able  to  obtain  no  definite  infonnation.  Judging  from  the 
reports  quoted  previously,  however,  a  mudi  smaller  amount  of 
jilorine  ean  be  used  than  would  be  required  to  insure  absolute  safety 
tguiist  disease  transmission.  It  would  seem  to  your  committee 
ihat  this  is  a  point  of  very  great  importance  and  that  efforts  should 
>«  made  by  health  officials  in  various  parts  of  the  country  to  watch 
chlorine  dosage  not  only  of  liquid  chlorine  dosed  pools  but  also  pools 
losed  with  hypochlorite  of  lime  in  order  that  we  may  obtain  more 
ircurate  information  as  to  the  limits  of  chlorine  necessary  and  usable. 

EPIDEH1C8  TBAOEABLE  TO  BATHINO   PLACES. 

During  1921  questioDnaircB  were  sent  to  all  ear,  eye,  nose,  and 
throat  specialists  in  the  United  States  and  to  a  large  proportion  of 
the  dermatologiBts  requesting  ii^ormation  as  to  their  experience  with 
patients  irtu>  had  apptuvntly  acquired  disease  fn 
»  other  bathing  places,  either  from  the  water 
towels. 

Approximately  700  rej^es  to  this  questionnaire 
[rom  41  States  and  the  Territory  of  Hawaii.  A 
embodying  a  part  of  the  infonnation  obtained  t 
Umnairee  from  627  physicians  was  presented  at  t 
ing  of  the  American  Public  Health  Association 
in  the  February  number  of  the  journal. 

The  most  significant  feature  of  the  replies  rec< 
in  thmt  report  was  the  fact  that  a  large  numbe 
eats,  nose,  throat,  and  akin  were  attributed  to 
other  bathing  places  as  the  mode  at  infection. 
ncians  reported  epidemics  of  certain  of  these  dif 
Duasion  through  the  medium  of  bathing  places  hs 
by  your  committee. 

Since  publication  of  that  report  your  comm 
oonmiimications  asking  that  farther  information 
th»  data  apon  which  they  based  their  refKtr^ 
usm  to  feel  that  these  diseases,  or  at  least  some 
be  transmitted  in  such  manner.  A  retahulatio 
is  now  in  progress,  but  the  amount  of  work  invo] 
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it  has  not  been  possible  to  present  all  of  these  various  data  at  tliis 
time. 

Your  committee  are  thoroughly  in  accord  with  the  belief  that  single 
reports  of  cases  of  any  disease  attributed  to  swimming  pools  or  to 
any  other  source  do  not  constitute  proper  evidence  that  such  disease 
was  transmitted  through  that  means.  When  a  considerable  pro- 
portion of  phjrsicians  specializing  in  certain  subjects  have  taken  the 
pains  to  search  their  records  and  to  report  to  the  committee  the 
cases  which  have  come  to  their  attention  which  are  directly  attrib- 
utable to  infection  through  bathing  water  or  through  suits  and 
towels  used  at  bathing  places,  and  when  evidence  of  this  nature  has 
been  reported  by  a  considerable  nimiber  of  physicians  from  prac- 
tically every  part  of  the  United  States,  we  feel  that  the  great  mass  of 
circimistantial  evidence  is  sufficient.  To  this  must  be  added  the 
direct  evidence  of  epidemics  reported  by  physicians  and  health 
officials  which  had  not  hitherto  been  made  pubUc. 

At  this  time  we  present  the  definite  information  regarding  epidemics 
attributable  or  traced  to  bathing  places  as  compiled  from  the  reports 
or  personal  letters  received  in  answer  to  our  questionnaire.  As  an 
appendix  to  this  report  we  also  give  abstracts  from  a  few  of  the 
replies  which  we  have  received  to  indicate  the  character  of  the  data 
upon  which  our  report  is  based. 

Epidemics  of  mild  and  acute  conjunctivitis — purulent  or  catairhal— 
traced  or  attributed  to  bathing  place  waters,  were  reported  by  19 
physicians  from  12  cities  in  8  States,  as  follows:  Sacram^ito,  Calif.; 
Camp  Johnston,  South  Jacksonville,  Fla. ;  Bath,  Me. ;  Portland,  Me.; 
Boston,  Mass. ;  Brooklyn,  N.  Y. ;  Rochester,  N.  Y. ;  New  Yoric  Gty 
(4  reports);  Pittsburgh,  Pa.;  Philadelphia,  Pa.  (5  reports);  Lake 
Geneva,  Wis. 

Epidemics  of  furunculosis  of  the  external  auditory  canal,  otitis 
media,  and  other  ear  infections,  traced  or  attributed  to  bathing 
place  water  were  reported  by  10  physicians  from  11  cities  in  9  States, 
as  follows:  Aurora,  111.;  La  Salle,  Dl.;  Bowling  Green,  Ky.;  Water- 
ville.  Me.;  Baltimore,  Md.;  Princeton,  Lawrenceville,  and  Trenton, 
N.  J.;  Niagara  Falls,  N.  Y.;  Pittsburgh,  Pa.;  Lake  Geneva,  Wis.; 
Charlotte,  N.  C. 

Epidemics  of  colds,  rhinitis,  sinus  infections,  etc.,  traced  or  attriin 
uted  to  bathing-place  waters  were  reported  by  four  physicians  from 
four  different  cities  in  as  many  States,  as  follows:  La  SaUe,  Ql; 
Baltimore,  Md.;  Tulsa,  Okla.;  New  York  City. 

Epidemics  of  tonsillitis,  pharyngitis,  laryngitis,  etc.,  traced  or 
attributed  to  bathing-place  water  were  reported  by  four  physidaDS 
from  four  cities  in  as  many  different  States,  as  follows:  Sacrameato, 
Calif.;  Portland,  Me.;  Albuquerque,  N.  Mex«;  Pittsburgh,  Pa. 
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Cpid^nics  of  skin  infection — ^not  including  infections  of  the  nose 
and  external  ear  which  are  included  above — ^were  reported  by  eight 
physicians  from  five  cities  located  in  four  different  States.  Of  these 
two  epidemics  of  impetigo  contageosa  and  one  of  boils — unclassi- 
fied— were  attributed  to  infected  water;  two  epidemics  of  moUuscum 
contageosum,  one  of  tinea  cruris,  and  one  of  pus  infection — ^probably 
streptococcus  type — ^were  traced  or  attributed  to  infection  through 
salts  or  towels.  These  epidemics  were  located  as  follows:  Bridge- 
porty  CSonn.  (water);  Cape  May,  N.  J.  (water);  Philadelphia,  Pa. 
(three  suite  and  towels,  one  water);  Milwaukee,  Wis.  (suits  and 
towels);  Lake  Geneva,  Wis  (water). 

An  epidemic  of  typhoid  fever  traced  to  a  swimming  pool  at  Louis- 
ville, Ky.,  was  reported  by  a  health  officer  from  an  adjacent  State. 

An  epidemic  of  typhoid  at  a  school  camp  definitely  traced  to 
bathing  in  a  polluted  stream  was  reported  by  health  officials  in 
Florida. 

An  intestinal  epidemic  traced  to  bathing  in  a  polluted  stream  was 
reported  by  the  health  officer  at  Sante  Fe,  N.  Mex. 

It  may  be  of  interest  to  note  also  that  an  epidemic  of  catarrhal 
otitis  following  an  outbreak  of  catarrhal  conjunctivitis  among 
bathers  at  the  swimming  pool  at  Freiburg,  Germany,  was  reported 
by  EL  Amersbach  in  the  Deut.  Med.  Wchnschr.,  August  4,  1921,  and 
reviewed  in  the  American  Jomnal  of  Public  Health,  March,  1922. 

STATE  BEGULATION   OF   BATHING  PLACES. 

So  far  as  your  committee  have  been  able  to  obtain  information. 
State  regulations  for  the  control  of  swimming  pools  and  other  bathing 
places  have  now  been  adopted  in  seven  States:  Arkansas,  Calif omia, 
Florida,  Idaho,  Tennessee,  Virginia,  and  West  Virginia.  Under  the 
public  health  code  of  Ohio  the  State  health  department  is  also  em- 
powered "to  establish,  maintain,  and  regulate  public  baths  and 
bathing  houses,'^  etc.  A  voluntary  supervision  over  swimming 
pools  and  bathing  beaches  is  also  maintained  by  the  State  board  of 
health  in  a  few  other  States  where  statutory  regulations  have  not 
been  adopted.  Abstracts  of  the  r^ulations  for  the  control  of  bathing 
places  in  the  various  States  have  just  been  published  collectively  in 
Volume  IV  of  the  Journal  of  the  American  Association  for  Promoting 
Hygiene  and  Public  Baths. 

ABSTBACTS  FROM  REPORTS  OF  EPIDEMICS  TRACED  OR  ATTRIBUTED 

TO  BATHING  PLACES. 

[Kej:   lENT^Ejre,  ear,  noae,  and  throat  specialist.     D— Dannatologist.   H.  0.— Health  offldal. 

Figures— Key  nmnber  of  reply.) 

"I  have  been  able  to  trace  several  epidemics  of  acute  catarrhal 
conjunctivitis  to  public  swimming  pools/'    Pittsburgh,  Pa.,  87 — I. 
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''Have  seen  three  epidemics  of  acute  contagious  conjooctiTitis 
(Koch- Weeks  bacnllus)  traceable  to  public  baths.  In  two  cases  aalt 
water  swimming  pool,  in  one  case  fr«eh  water."  New  York  Qty, 
223— lENT. 

''A  few  years  ago  we  had  an  epidemic  of  acute  catarriial  con* 
junctivitis,  beginning  with  opening  of  the  pools  and  stopping  after 
water  was  treated."    Philadelphia,  Pa.,  148 — !• 

''Some  years  ago  I  had  a  group  of  cases  ot  conjunctivitis  under 
such  conditions  that  I  believe  they  originated  in  a  municipal  bathing 
pool.  I  have  seen  one  or  two  cases  of  pyodermia  originating  fnnn 
unsterilized  bathing  suits."    Boston,  Mass.    255 — ^D. 

''I  have  seen  conjunctivitis  and  pharyngitis  in  quantities  tliat 
amounted  to  small  epidemics  that  could  not  be  traced  except  tfaroo^ 
swimming  pools."    Portland,  Me.,  57 — I. 

''  Have  seen  several  small  outbreaks  of  conjunctivitis  and  tonsillitis 
from  pool  waters."    Sacramento,  Calif.,  706— H.  O. 

.  ''Mild  epidemic  of  tonsillitis  and  pharyngitis  and  cases  of  con- 
junctivitis at  various  times  from  water."  Albuquerque,  N.  Mex., 
790— EINT. 

"Frequently  frontal  sinus  involvement  will  become  ^idemie,  all 
cases  coming  from  one  swimming  pool.  We  have  had  t^ee  or  four 
of  these  epidemics  in  the  past  three  years.  As  many  as  40  or  50 
cases  from  Y.  M.  pool  at  one  time."    Tulsa,  Okla.,  793— lENT. 

"  Have  seen  frequent  epidemic  infections  of  upper  air  tract  among 
bathers  in  a  given  pool."    New  York  City,  338— lENT. 

"During  August  a  daily  average  of  10  to  20  cases  in  which  a 
reliable  history  of  bath  infection  is  given,  mostly  liiinitia,  sinusitis, 
otitis,  etc.''     Baltimore,  Md.,  192— lENT. 

"Had  an  epidemic  of  otitis  media  and  furunouloais  of  external 
canal  here  last  June  and  July  from  public  bathing  places  in  our 
neighborhood."    Niagara  Falls,  N.  Y.,  142— EI. 

^'Many  cases  of  aiffal  furunculosis  among  patients  from  Princeton, 
Lawrenceville,  and  Trenton  siwimming  pools  and  firom  Charlotte, 
N.  C,  during  the  war.  I  have  no  doubt  the  pools  were  the  cause." 
Trenton,  N.  J.,  113— lENT. 

"This  past  summer  I  have  had  a  large  series  of  cases  ot  otitis 
externa  (furunoulosis)  from,  three  different  canq)s  on  different  lakes. 
The  large  increase  in  cases  this  year  leads  me  to  £eel  that  the  water 
at  thesQ  bathing  places  must  have  been  the  source  of  infection.'' 
Waterville,  Me.,  76— ENT. 

"Have  had  numbers  of  cases  of  scabies,  impetigo  contagiosa, 
moUuscum,  contagiosum — nearly  100  cases  at  University  of  Pennsyl- 
vania gymnasium  severed  years  ago — from  suits  and  towek" 
Cynroyd,  Pa.,  154— D. 
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"Had  an  epidemic  of  over  100  cases  of  mulluscum  contagiosum, 
and  about  50  cases  tinea  cruris  from  towels  used  in  one  of  our  large 
Philadelphia  institutions."    Philadelphia,  Pa.,  159 — ^D. 

''Impetigo  contagiosa  was  epidemic  along  the  beaches  in  the 
summer  of  1920."    Bridgeport,  Conn.,  100 — ^D. 

"Typhoid  epidemic,  Louisville,  Ky.,  1912,  White  City  pool." 
Rose^e,  HI.,  802— H.  O. 

"Know  of  one  crop  of  cases  of  typhoid  and  intestinal  infections 
definitely  traced  to  bathing  in  stream  polluted  by  sewage  from  hos* 
pital  containing  typhoid  patients." — Santa  Fe,  N.  Mex.,  745 — H.  O, 

Mr.  C.  A.  Emebson,  Jr.*  The  committee  has  started  work  on  a 
subject  which  probably  has  a  material  public  health  significance. 
Certainly  it  is  one  of  much  importance  in  the  mind  of  the  bathers. 
Patronage  of  bathing  places  is  apparently  increasing  all  over  the 
country.  I  feel  our  investigations  should  be  continued  so  that  if  the 
matter  is  important  from  the  pubUc  health  standpoint  we  will  have 
information  necessary  for  rational  corrective  measures  and  if  it  is 
not  a  real  and  important  public  health  question  we  will  have  justifi- 
cation for  telling  the  public  that  the  design  and  operation  of  such 
places  is  not  of  concern  to  the  State  health  organization. 

Mr.  H.  A.  Whtttaker.  The  Minnesota  State  Board  of  Health 
investigated  the  Lake  Calhoim  pubUc  baths  in  the  city  of  Minne- 
apolis in  1917.  This  investigation  was  made  at  the  request  of  the 
Civic  and  Commerce  Association  for  the  reason  that  numerous  com- 
plaints had  been  made  by  citizens  to  the  effect  that  they  had  received 
disease  from  bathing  in  this  beach.  This  investigation  was  con- 
ducted cooperatively  by  the  division  of  sanitation  and  the  division 
of  preventable  diseases. 

A  detailed  survey  was  made  by  the  division  of  sanitation  on 
Lake  Calhoun,  the  bath  house,  its  equipment,  and  the  operation  of 
the  bathing  beach.  This  survey  included  bacteriological,  chemical, 
and  physical  determinations  on  the  water.  Arrangements  were  made 
with  the  board  of  park  commissioners  to  report  immediately  to  the 
division  of  preventable  disease  any  complaints  regarding  diseases 
which  had  been  contracted  at  the  bathing  beach.  This  investiga- 
tion covered  a  period  from  about  the  time  the  bathing  beach  was 
opened  in  the  spring  until  it  was  closed  in  the  fall.  The  results  of 
the  investigation  by  the  division  of  sanitation  showed  that  the 
pavilion  at  the  bathing  beach  was  operated  in  a  satisfactory  manner 
but  that  the  water  in  the  bathing  area  was  highly  polluted  at  certain 
times  during  the  bathing  periods.  Recommendations  were  made  for 
improving  conditions  in  the  bathing  area. 

*■  AD  fltatementf  tndbeuailonslxi  this  buUetiii  ware  prepared  by  the  Tarioiis  speakers  several  weeks  after 
thm  eooteaooe  and  do  not  oantain  the  exact  words  of  the  speakers  at  the  meeting. 

26014—23 4 


18  CONFERENCE  OF  STATE  SANITARY  ENGINEERS. 

The  results  of  the  investigation  of  the  division  of  preventable 
diseases  did  not  show  any  cases  of  sickness  that  could  be  attributed 
to  this  pubUc  bathing  place.  Inference  was  drawn  from  the  results 
of  this  investigation  that  this  bathing  beach  was  not  a  factor  in  the 
transmission  of  communicable  diseases.  This  should  not  be  into^ 
preted  to  mean  that  all  bathing  places  are  not  a  menace  to  healtli; 
but  attention  is  drawn  to  the  fact  that  information  indicating  a 
bathing  place  as  a  source  of  communicable  diseases  which  is  not 
based  on  careful  epidemiological  studies  should  not  be  accepted 
since  it  may  lead  to  very  erroneous  conclusions. 

A  motion  was  made,  seconded,  and  carried  that  the  report  be 
accepted  by  the  conference. 

A  report  by  Mr.  Robert  B.  Morse,  chief  engineer,  Maryland  State 
Department  of  Health,  chairman  of  the  committee  on  control  and 
limitation  of  chlorination,  was  then  presented  by  Mr.  Pincus,  asso- 
ciate sanitary  engineer,  United  States  Public  Health  Service. 


RBPOST  OF  THE  COMMITTEE  ON  LIMITATION  AND  CONTROL 

OF  CHLOMNATION  OF  WATER. 


LIMITATION  OP   CHLORINE   APPLICATION. 

It  is  commonly  assumed  in  waterworks  practice  that  chlorination, 
as  a  water  purification  process,  is  an  irregular,  haphazard  treatment, 
little  understood  and  poorly  controlled.  The  origin  of  this  assump- 
tion lies  probably  in  the  earlier  conception  of  a  constant  chlorine 
dose  as  a  ** cure-all"  for  water  supply  ills  of  a  bacterial  nature.  The 
failure  of  experience  to  confirm  this  conception  of  chlorination  re- 
sulted in  a  swing  of  the  mental  pendulum  to  the  attitude  of  perpetual 
suspicion. 

An  analysis  of  our  attitude  at  various  periods  toward  this  process 
is  fruitful  if  we  are  to  formulate  any  logical  policy  toward  its  appli- 
cation. From  such  an  analysis  should  emanate  the  primary  conclu- 
sions upon  which  our  report  should  rest.  Obviously,  if  experience 
indicates  that  chlorination  is  of  highly  fluctuating  efficiency  and  of 
uncertain  reliability,  in  comparison  with  other  known  treatment 
methods,  this  evidence  should  influence  the  final  decision  as  to  its 
general  and  successful  applicability  to  different  waters. 

What,  then,  does  experience  teach  with  reference  to  our  problem? 
The  lessons  of  experience  must  not  be  interpreted  merely  by  the  use 
of  bare  analytical  data.  They  should  be  viewed  in  the  light  of  pro- 
gressive knowledge  concerning  the  processes  under  study.  If  this 
procedure  is  carried  out,  we  may  view  the  history  of  chlorination  as 
of  several  stages.  The  earliest  stage  was  one  of  complete  confidence 
m  the  process  as  a  panacea,  the  second  one  of  rising  suspicion,  and 
the  third,  unfamiliar  as  yet  perhaps  to  some  of  us,  one  of  restoration 
of  confidence  in  chlorination  as  a  mechanism  of  bacterial  treatn\j?nt 
at  least  on  a  parity  with  storage  or  filtration. 

These  three  stages  are  easily  explicable.  In  the  first  era,  little 
evidence  other  than  hypothesis,  was  available  for  judgment,  with 
the  result  that  our  hopes  ran  high.  As  the  process  was  applied  in- 
discriminately to  different  kinds  of  water,  with  practically  no  attempt 
at  sane  study  or  logical  control,  failures  began  to  appear,  with  a 
reversion  of  confidence  in  its  wake.  This  period  still  laps  over  on 
our  present  stage  in  the  case  of  many  practitioners.  Somewhere  in 
this  second  period,  the  time  differing  in  different  places  and  not  yet 
reached  in  far  too  many  instances,  an  effort  was  made  to  learn  some- 
thing of  the  mechanism  of  chlorination  and  of  the  causes  of  some  of 
the  failures.  In  the  course  of  these  studies,  followed  by  practical 
applications  of  their  findings,  it  soon  appeared  that  many,  if  not  most, 
of  chlorination  failures  were  faihires  of  imderstanding  and  not  of 
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process.  At  this  time,  therefore,  evidence  is  accumulating  daily 
from  many  directions  to  indicate  that  a  new  conception  of  chlorina- 
tion  may  well  be  formulated. 

A  statement  of  this  attitude  is  presented  at  this  point,  for  upon 
it  is  based  the  policy  of  application  recommended.  Following  its 
presentation,  the  committee  sets  forth  some  of  the  facts  which  led  it 
to  accept  this  concept,  new  or  old,  depending  upon  individual  experi- 
ence and  upon  one's  orientation  with  new  data  before  him, 

Chlorination,  as  a  water  treatment  process,  is  reliable,  controllable, 
and  effective.  It  is  no  less  so,  from  a  bacteriological  standpoint, 
than  filtration,  for  example,  whose  mechanism  is  no  better  under- 
stood, whose  efficiency  is  no  less  variable,  and  whose  operation  is  in 
general  no  simpler  than  that  of  chlorination.  It  is  as  unjust  to  con- 
demn chlorination  on  thq  score  that  it  fails  when  improperly  controlled, 
either  in  application  or  in  apparatus,  as  it  is  to  deny  the  advantages 
of  filtration,  because  sometimes  filteihs  are  poorly  operated.  As  a 
matter  of  fact,  there  are  perhaps  greater  difficulties,  mechanical, 
biological,  and  physical,  encoimtered  in  filtration  than  in  disinfection 
processes. 

What  is  the  basis  for  the  conclusion  of  your  committee  that  chlo- 
rination, as  now  conceived,  is  reliable,  controllable,  and  effective? 
Likewise,  what  are  the  natures  of  the  waters  upon  which  these  con- 
clusions are  based?  If  it  is  demonstrable  that  chlorination  produces 
a  manifestly  good  bacterial  quality  of  water  continuously  upon 
waters  ranging  in  turbidity  below  a  maximxun  of  five  parts  per 
million  to  one  sometimes  reaching  over  75  parts  per  millioUi  then  it 
may  be  assumed  that  the  process  is  reliable  bacteriologically.  For 
this  reason,  the  following  experience  data  are  presented.  In  each 
of  these  instances,  with  one  exception  (D),  the  control  of  chlorination 
is  based  upon  residual  chlorine  tests  as  later  outlined.  In  the  excep- 
tion, the  chlorine  dose  was  probably  high  enough  all  the  time  and 
too  high  some  of  the  time. 

Analyses  o/chlorinaUd  umUrs. 
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Tliese  data,  together  with  similar  material  reported  in  waterwodei 
literature  from  Grand  Rapids,  Mich.,  New  York  City,  and  elsewfaait, 
indicate  the  continuous  bacterial  efficiency  df  dblorinatioa  wluat 
prop^y   controlled.    Reference   to   the   charts   appearing  in  the 
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report  of  a  study  carried  out  by  Enslow  on  16  plants  in  Virginia, 
demonstrate  likewise  that  the  limitations  on  chlorine  application 
hare  been  primarily  those  of  control  and  not  those  inherent  in  the 
process*  (Cf.  Journal  of  the  American  Waterworks  Association, 
September,  1922.) 

If  chlorine  is  continuously  appUed,  in  amounts  determined  upon 
MB  described  later,  satisfactory  waters  result,  from  the  standpoint  of 
bacterial  content.  Continuous  application  is  possible  if  due  pro- 
riaion  is  made  for  duplicate  apparatus  and  for  reserve  supplies  of 
chlorine.  These  latter  details  are  problems  of  management  and  not 
of  mechanism  of  process. 

The  lower  limit  of  chlorination  effectiveness  is  usually  thought  to 
be  due  to  excessive  turbidity  of  the  water.  The  committee  has  not 
available  any  data  from  well-controlled  experiments  on  turbid 
waters,  which  have  been  chlorinated  with  a  proper  application  of 
chemical  to  meet  increased  demand,  from  which  it  can  assume  that 
it  18  impossible  to  obtain  a  continuously  safe  water  by  chlorination 
of  a  supply  with  turbidities  above  100  p.  p.  m.  The  supposed 
protective  effect  of  suspended  material  upon  bacteria  is,  so  far  as  we 
know,  nothing  more  than  an  hypothesis,  probably  given  some  support 
in  thit  past  by  analytical  results,  which  may  have  had  their  origin  as 
much  in  improper  and  disccmtinuous  control  of  chlorine  application 
as  in  '' protective  effect." 

The  committee  prefers  to  suggest  no  limit  upon  the  application  of 
<^orine  on  the  score  that,  (a)  in  raw  waters,  the  limit  is  reached  by 
esthetic  objection  to  a  turbid  or  discolored  water  long  before 
diloiination  fails;  (6)  in  filtered  waters,  good  management  presup- 
the  most  effective  use  of  all  treatment  processes  regardless  of 
aids,  such  as  chlorination,  which  may  be  developed  from 
time  to  time;  and  (e)  in  underground  waters,  the  limits  are  set  by 
sanitary  survey  and  history  of  the  water  rather  than  by  defects  in 
the  chtfoical  process. 

The  position  taken  by  the  committee  will  bear  further  explanation. 
It  hardly  seems  desirable  to  establish  any  limit  of  quality  of  raw 
water  below  which  chlorine,  by  itself,  should  not  be  used.  It  is 
generally  agreed  that  most  surface  waters,  except  perhaps  those 
from  sparsely  inhabited  and  wooded  watersheds,  which  are  often 
subject  to  Uttle  pollution,  should  not  be  used  without  filtration. 
For  this  dass,  therefore,  it  is  better  to  f onnulate  a  policy  of  filtration 
than  one  of  maximum  limit  for  chlorination.  Here  chlorination 
slime  may  serve  as  a  temporary  bacterial  guard,  but  other  considera- 
tioiis,  nsthetio  as  well  as  sanitary,  demand  filtration  as  well  as  chemi- 
cal disinfection.  The  general  poUcy  depends  fundamentally,  there- 
fore, on  questions  ^itirely  aside  from  the  adequacy  of  the  chlorina- 
tion process. 
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In  a  similar  manner,  it  is  hardly  necessary  to  establish  a  masdmuffi 
allowable  bacterial  limit  for  filter  effluents  prior  to  chlorine  treat- 
ment,  if  we  establish  as  a  working  principle  the  theorem  that  each 
part  of  the  filtration  process  should  be  operated  at  the  maximum 
efficiency.  In  this  case,  our  policy  again  is  negative  with  respect  to 
chlorination,  but  positive  with  reference  to  the  processes  which  it 
accompanies.  In  these  statements,  we  assume  that  chlorine  is  an 
integral  part  of  the  water  treatment  program,  no  more  or  less  so 
than  any  other  part  thereof.  Because  chlorine  meets  good  as  well 
as  bad  effluents,  it  is  no  more  of  a  hybrid  than  the  fflter  unit  whos6 
very  existence  presupposes  a  variability  in  the  water  reaching  it 
If,  in  a  ffltration  plant,  each  imit  of  treatment  is  operated  to  its 
maximimi  advantage,  it  is  difficult  to  see  what  would  be  gained  bj 
establishing  a  standard  quality  for  prechlorinated  water,  at  least 
before  one  for  precoagulated  or  prefiltered  water  is  determined  upon. 
When  our  knowledge  of  maximum  loading  of  each  process  is  much 
more  complete,  we  may  be  in  a  position  to  define  such  standards. 
Even  then  it  will  be  necessary  to  start  at  the  beginning  for  each  step 
in  purification  rather  than  at  the  end,  where  incidentally  the  fluctuat- 
ing burden  is  frequently  and  easily  carried  by  chlorine. 

Before  leaving  the  discussion  of  the  treatment  of  filter  effluents, 
some  reference  should  be  made  to  the  question  frequently  raised  as 
to  whether  chlorination  should  be  viewed  as  an  integral  part  of 
treatment  or  as  a  factor  of  safety.  This  question  appems  to  the 
committee  to  be  more  of  academic  interest  than  of  practical  signifi- 
cance. It  is  generally  conceded  that  no  filter  unit  produces  a  water 
free  from  colon  during  each  second  of  its  operation.  It  is  a  fact  also 
that  there  are  many  instances  where  filter  effluents  are  relativdy 
turbid  for  longer  or  shorter  periods.  Few  plants,  even  the  laigest, 
upon  rigid  scrutiny  of  their  operation,  produce  a  water  of  zero 
turbidity.  In  other  words,  filter  effluents,  like  raw  waters,  are 
continually  in  a  state  of  change.  This  fact  is  often  lost  si^t  of  in 
pubUshed  data  of  average  bacterial  content  of  filtered  water  before 
chlorine  treatment.  An  effluent,  for  example,  which  shows  an  average 
B>  coli  content  of  1.5  per  100  c.  c.  is  imsatisfactory  without  chlorine 
treatment,  assuming  the  Treasury  Department  standard  should  be 
met  every  minute  of  operation,  because  this  value  of  1.6  of  itsdf 
indicates  that  some  of  the  water  probably  had  considerably  more 
than  1 .5  per  100  c.  c.  in  order  to  give  such  an  average  as  above. 

If  we  recognize  as  a  fact  the  fluctuating  character  of  filter  effluents, 
both  physical  and  bacterial,  it  is  somewhat  fruitless  to  quibble  about 
the  function  of  chlorination  in  the  process.  Incidentally  this  fluctua- 
tion in  filter  effluent  quality  is  considerably  greater  than  was  formerly 
realized,  when  it  is  measured  by  the  more  refined  methods  of  testing 
now  available.     Since  it  is  impossible  to  predict,  even  with  the  best 
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cf  supervision,  the  periods  of  deterioration  of  filter  effluent  quality, 
nothing  remains  but  to  use  chlorine  continuously. 

Ptfadoxical  as  it  may  seem,  cblorination  is  both  a  factor  of  safety 
«ad  an  integral  part  of  water  treatment  wl^en  used  in  conjimction 
with  filtration.  We  may  call  it  a  factor  of  safety  because  it  meets 
unforeseen  variations  in  effluents,  but  it  remains  an  integral  part  of 
the  process,  for  without  it  satisfactory  results,  on  our  present  bases, 
are  onobtainable  continuously.  The  paradox  is  just  as  true  in  the 
case  of  filtration,  for  this  process  may  be  simply  polishing  off  a  clear 
raw  water  at  times,  while  at  others  it  must  take  care  of  highly  pol- 
luted or  turbid  applied  waters.  Just  because  filtration  meets  the 
state  of  change  in  an  applied  water,  it  does  not  have  to  be  assigned 
to  the  class  either  of  ''factor  of  safety"  or  ''integral  part."  The 
true  function  of  a  "factor  of  safety"  in  engineering  practice  is  its 
provision  for  the  unknown  or  unexpected  contingencies.  In  this 
sense,  all  of  our  treatment  processes  become  at  one  time  or  another 
factors  of  safety,  but  retain  their  claim  as  integral  parts  of  the  whole 
series  of  mechanisms.  There  appears  to  be  no  reason  why  cblorin- 
ation should^  be  singled  out  as  a  test  case  for  the  determination  of  a 
classification  in  treatment,  which  after  all  may  be  a  mere  question  of 
nomenclature  or  of  language.  The  position  taken  by  the  committee 
may  be  made  clearer  by  an  example.  If,  for  certain  considerations 
of  power,  a  six-cylinder  engine  is  substituted  for  a  four,  and  this  new 
machine,  through  poor  supervision,  operates  on  only  four  cylinders, 
with  two  missing,  shall  we  call  the  two  of  the  four  operating  "factors 
of  safety"  or  "integral  parts"  of  the  engine?  They  are  no  less  inte- 
gral parts  because  inefficient  management  has  neglected  their  asso- 
ciated mechanisms.  Likewise,  they  provide  factors  of  safety  when 
other  parts  fall  down.  The  committee  hardly  feels,  however,  with  the 
provisions  already  stated  in  this  report,  that  the  question  of  nomen- 
clature of  cblorination,  when  used  in  conjunction  with  filtration, 
needs  to  be  settled. 

With  underground  waters,  the  problem  of  cblorination  resolves 
itself  also  into  one  of  investigation  and  administrative  supervision 
of  the  source  and  its  structural  elements  rather  than  into  one  of 
establishment  of  minimmn  quality  of  water  before  treatment.  If  a 
well  water  becomes  turbid  or  is  of  excessive  bacterial  content,  logic 
would  demand  corrective  measures  on  the  well  or  a  change  of  source, 
not  a  standardization  of  chlorine  treatment.  Policy  suggests 
chlorine  application,  properly  controlled,  together  with  close  observa- 
tion of  untreated  water,  as  in  all  other  cases,  whether  the  water  be 
of  surface,  filtered,  or  underground  origin.  The  committee  wishes 
to  emphasize  that  the  use  of  chlorine  should  not  be  accompanied 
by  relaxation  of  care  with  respect  to  all  other  activities  concerning 
source  or  other  treatment,  any  more  than,  in  another  field,  typhoid 


24  CONFERENCE  OF  STATE  SANITAEY  ENGINEEBS. 

inoculation  of  human  beings  provides  an  excuse  for  drinking  sewage* 
polluted  water.  Economy  and  efficiency  demand  the  maximum 
return  on  all  elements  of  water  treatm^it,  before  and  including 
chlorine  appUcation.  It  is  difficult  to  see  why  we  should  place  any 
more  limitations  on  chlorine  than  on  other  treatment  processes, 
inasmuch  as  it  is  subject  to  no  more  idiosyncrasies  than  storage  or 
filtration.  In  this  discussion,  however,  it  should  not  be  forgott^ 
that  chlorine  treatment  is  considered  as  a  mechanism  for  bacterial 
elimination  and  nothmg  more. 

CONTROL   OF  CHLORINE   APPLICATION. 

In  the  present  state  of  our  knowledge,  it  may  be  assmned  that 
chlorination  acts  upon  water  with  some  d^ree  of  mathematical 
precision.  If  this  hypothesis  is  correct  it  is  advantageoxis  to  control 
the  process  of  chlorination  by  balancing  the  various  factors  in  the 
equation  of  the  method.  Wolman  has  stated  the  primary  equation 
of  chlorination  as  follows:  Bacterial  content  and  taste  and  odor 
vary  directly  and  inversely,  respectively,  as  the  ratio  of  chlorine 
demand  to  chlorine  supply. 

In  other  words,  as  chlorine  demand  increases  the  chlorine  supply 
must  be  increased  also  in  order  to  keep  bacteria  and  taste  and  odor 
at  a  minimum.  If  the  chlorine  demand  rises  without  a  corresponding 
increase  in  chlorine  supply,  bacterial  content  will  increase  in  the 
treated  water.  If  chlorine  supply  rises  more  than  necessary  to  meet 
chlorine  demand,  then  tastes  and  odors  ensue.  There  are  of  course 
many  elements  entering  into  the  problem  which  mask  the  relations 
indicated  in  the  fundamental  equation,  but,  for  practical  purposes, 
the  generalization  here  outlined  holds  good. 

The  simplest  form  of  chlorination  control,  therefore,  should  consist 
in  maintaining  a  quantitative  residual  of  chlorine  at  a  d^nite  station 
near  the  point  of  application  of  the  chemical.  What  this  quantita- 
tive residual  should  be  is  dependent  upon  the  nature  of  the  supply 
being  treated ;  that  is,  upon  its  initial  bacterial  content  and  its  gen- 
eral susceptibility  to  taste  and  odor.  Trial  and  error  will  disdoee 
soon  the  residual  amount  giving  best  results  from  all  standpoints. 
As  an  initial  attempt,  the  committee  suggests  the  use  of  0.2  p.  p.  m. 
free  chlorine  at  a  point  of  water  travel  about  five  minutes  from  the 
time  of  chlorine  dosage.  In  some  undergroimd  waters,  the  residual 
may  be  reduced  safely  to  0.1  p.  p.  m.  after  five  minutes  without 
losing  bacterial  efficiency  and  yet  avoiding  taste  and  odor,  while  in 
the  case  of  a  few  surface  waters,  otherwise  untreated,  a  residual  of 
0.5  p.  p.  m.  at  the  end  of  five  minutes  may  be  required  for  bacterial 
elimination. 

The  residual  chlorine  may  be  determined  by  means  of  various 
indicators,  such  as  orthotolidine,  starch-potassium  iodide^  and  ciys- 
tal  violet.     The  technique  used  in  each  instance  may  be  found  b 
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any.  textbook  on  analytical  chemist  n\    It  is  hardly  witRin  our  prov- 
ince to  repeat  these  methods  in  this  report. 

It  is  recommended  by  the  committee  that  (1)  the  residual  or  excess 
chlorine  tests  be  made  at  least  twice  a  day  on  all  waters  and  as 
many  additional  times  each  day  on  such  waters  as  may  show  suffi- 
cient fluctuations  in  demand  to  require  adjustments  bf  dosage,  and 
(2)  the  bacterial  tests  should  be  made  at  least  daily,  wherever  funds 
and  personnel  permit. 
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the  conunittee  throughout  its  preparation. 

Mr.  M.  Z.  Bair.  As  a  member  of  this  committee,  I  would  suggest 
that  the  report  presented  be  considered  and  recorded  as  a  progress 
report.  The  committee  is  not  unanimous  on  the  acceptance  of  some 
of  the  statements  as  presented  in  the  report,  and  there  are  some 
members  who  feel  that  certain  phases  of  the  problem  have  not  been 
adequately  covered.  The  question  of  limitations  in  the  use  of 
chlorine,  or  rather,  the  limiting  factors  in  its  adaptation  to  the  treat- 
ment of  a  water,  are  matters  which  I  feel  should  be  given  further 
consideration. 

The  promiscuous  application  of  chlorine  has  in  some  instances 
given  rise  to  unsatisfactory  results  due  not  so  much  to  the  ineffi- 
ciency of  this  method  of  treatment,  but  due  to  its  inadaptability. 
The  conditions  under  which  chlorine  disinfection  can  or  can  not  be 
used  with  assurance  of  reasonably  satisfactory  results  in  my  opinion 
deserve  further  study.  It  would  seem  advisable,  therefore,  that  the 
committee  be  continued  for  another  3'ear  in  order  to  give  attention 
to  certain  phases  of  chlorine  disinfection  which  have  not  been  fully 
presented  in  this  report. 

Mr.  L.  A.  Gel'pel.  The  State  of  Indiana  has  some  38  water  sup- 
plies which  use  chlorination  for  sterilization.  The  water  and  sewage 
department  of  the  Indiana  State  Board  of  Health  cooperates  and 
assists  these  supplies  in  every  way  possible.  Those  plants  having 
efficient  technical  supervision  render  weekly  reports  to  the  water 
and  sewage  department  covering  the  pumpage,  amount  of  chemicals 
used,  daily  laboratory  results,  and  difficulties  which  have  occurred 
in  operation.  These  reports  are  studied  closely  and  information 
offered  when  needed.  Those  plants  using  chlorine  which  do  not 
have  efficient  laboratory  control  send  in  reports  as  above,  also  submit 
Wieekly  or  daily  mailing  case  samples  as  are  necessary  and  the  water 
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and  sewage  ♦department  controls  the  chlorine  feed  as  closely  as 
possible.  This  is  somewhat  foreign  to  the  real  intent  of  the  dis- 
cussion, but  while  there  may  be  limitations  to  chlorination  as  yet 
nothing  has  been  presented  to  general  practice  which  is  more  efficient 
and  meets  the  various  conditions — therefore  chlorine  must  still  be 
used.  Specific  information  as  rendered  above  not  only  assists  in 
plant  operation  but  acts  as  a  double  control  upon  the  water-supply 
treatment. 

Mr.  W.  H.  DrrroE.  The  report  of  the  committee  appears  to  con- 
sider limitation  of  chlorination  from  the  standpoint  of  possible 
bacterial  efficiency  which  may  be  secured  by  the  use  of  chlorine 
in  treatment  of  water.  In  my  opinion  the  committee  should  make 
a  report  dealing  rather  with  the  practical  limitation  of  chlorine  in 
water  treatment,  considering  the  field  of  usefulness  of  chlorination 
and  its  proper  scope.  There  is  certainly  a  practical  limitation  in 
the  use  of  chlorine  in  water  purification  beyond  which  it  is  not 
expedient  to  go.  There  appears  also  to  be  evidence  that  there 
may  exist  a  limitation  of  its  bacterial  efficiency,  and  it  would  seem 
that  the  committee  should  consider  these  various  limitations. 

Mr.  C.  A.  EmebsoN;  Jr.  There  is  no  doubt  but  that  chlorination  ha$ 
a  real  field  of  usefulness,  but  its  limitations  are  greater  than  was 
commonly  believed  four  or  five  years  ago.  The  public  will  not  drink 
a  water  tasting  of  chlorine,  and  I  do  not  feel  that  State  organizations 
should  expect  them  to  do  so.  This  generally  means  that  in  the  case 
of  small  supplies,  where  the  variation  in  rate  of  water  consimiption 
%  great,  there  will  be  occasional  overdosage  or  else  the  proportion 
of  the  chemical  added  is  so  small  that  there  can  be  but  littJe  pro- 
tection derived  from  it. 

I  believe  the  pendulum  is  swinging  backward  toward  filtration, 
and  hope  that  our  committee  can  be  retained  for  another  year  and 
make. the  subject  of  their  investigation  a  consideration  of  where 
chlorination  should  be  authorized  for  permanent  use  and  just  where 
the  States  should  demand  filtration,  or  at  least  something  more  than 
chlorination  alone. 

Mr.  S.  PiNCUs.  The  report  of  Mr.  Morse,  the  chairman  of  the  com- 
mittee on  control  and  limitation  of  chlorination,  a  special  committee 
appointed  in  November,  1921,  is  not  submitted  as  a  committee  report 
but  rather  as  a  personal  discussion  by  the  chairman,  since  two 
members  of  the  committee,  Mr.  Bair  and  myself,  receiving  the  report 
just  prior  to  coming  to  this  conference,  did  not  feel  that  it  at  all 
adequately  covered  the  assigned  problem. 

Mr.  J.  Frederick  Jackson,  director  bureau  of  engineering,  State 
Department  of  Health  of  Connecticut,  then  spoke  on  the  plan  of  the 
American  Society  of  Civil  Engineers  of  having  a  sanitary  engineering 
section  in  the  society.  « 
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The  conference  adjourned  at  5.1J 


May  17,  1922,  E' 

The  conference  was  called  to  ord 
p.  m.  in  the  Butler  Budding. 

Mr.  S.  Fischer  Miller,  of  the  Paci 
spoke  on  Imhoff  tank  royalties. 
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Imhoflf  tank  patent  was  taken  out  in  the  United  States  in  1909  and 
that  all  subsequent  improvement  patents  are  based  on  it.  This 
patent  expires  in  1926.  There  is  about  $100,000  on  unpaid  Imhoff 
tank  patent  royalties  due  the  Chemical  Foundation,  to  whom  these 
patents  were  turned  over  by  the  Alien  Property  Custodian.  The 
overhead  charges  of  the  Chemical  Foundation  for  collecting  the 
royalties  on  the  Imhoff  tank  patents  may  amount  to  50  per  cent  of 
the  fees,  Mr.  Miller  estimated. 

Mr.  Keohan  of  the  Cliemical  Foundation  (Inc.),  spoke  on  the 
connection  of  the  Chemical  Foundation  Mrith  Imhoff  tank  royalties, 
and  suggested  that  a  committee  of  the  conference  be  appointed  to 
work  with  the  Chemical  Foundation  in  investigating  the  problems  in 
sewage  treatment. 

Mr.  C.  A.  Emerson,  Jr.  I  feel  this  talk  by  Mr.  Keohan  and  Mr. 
Miller  has  given  us  all  information  concerning  the  Imhoff  tank 
royalties  which  will  be  useful.  The  executive  committee  of  the 
conference  is  to  have  a  meeting  to-morrow  and  I  will  place  the 
proposition  before  them  to  determine  if  they  are  willing  to  appoint 
a  committee  to  work  with  the  Chemical  Foundation,  as  request ed- 
I  have  talked  with  a  nimiber  of  our  members  and  feel  certain  that  if 
the  executive  committee  should  authorize  the  formation  of  a  com- 
mittee as  requested  that  its  members  could  only  consider  the  public 
health  benefits  \yhich  would  be  derived  by  such  experunents  and 
should  bear  in  mind  that  State  health  oi^anizations  could  not 
become  a  party  to  a  private  commercial  project. 

Mr.  C.  A.  Emerson,  jr.,  chief  engineer,  division  of  engineering, 
State  Department  of  Health  of  Pennsylvania,  then  delivered  the 
report  of  the  committee  on  milk  supply. 

Mr.  H.  F.  Ferguson.  In  Illinois  the  division  of  foods  and  dairies 
is  a  part  of  the  department  of  agriculture,  and  the  department  of 
public  health  has,  until  recently,  done  very  little  in  a  systematic 
manner  to  improve  and  assure  the  safety  of  milk  supplies.  The 
department  of  health  is  authorized  by  law  to  make  analyses  of 
samples  of  milk  and  to  make  such  inspections  as  will  protect  public 
health,  and  the  director  of  the  department  has  this  year  undertaken 
vigorously  the  improvement  of  the  sanitary  quality  of  milk  supplies 
in  the  State. 

A  ^'model'^  milk  ordinance  has  been  adopted  by  the  department 
following  conferences  with  the  State  department  of  agriculture,  the 
University  of  Illinois,  and  representatives  of  milk  producing  and 
distributing  organizations.  Systematic  efforts  are  being  made  to 
have  satisfactory  milk  ordinances  adopted  in  cities  and  emphasis  is 
being  placed  upon  the  importance  of  patsteurization.  In  this  wort 
the  division  of  sanitary  engineering  has  aided  by  assisting  in  the 
preparation  of  the  milk  ordinance  and  by  making  a  preliminary 
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location  study  of  pasteurization  plants  in  the  State  by  means  of  a 
questionnaire.  By  means  of  the  questionnaire  about  300  pasteur- 
ization plants  were  located  and  this  information  will  be  used  as  a 
basis  for  inspections  of  pasteurization  plants  by  sanitary  engineers 
of  the  department.  All  branches  of  the  department  will  assist  in 
promoting  the  adoption  of  suitable  milk  ordiiiances  and  in  assuring 
clean  milk  supplies,  but  the  inspection  and  control  of  pasteurization 
plants  will  probably  be  handled  solely  by  the  sanitary  engineering 
division  the  same  as  are  the  water-purification  plants. 

A  motion  made  by  Mr.  Dittoe  was  seconded  and  carried  that  thb 
report  be  accepted  by  the  conference. 

Mr.  Emerson  then  presented  the  report  of  the  committee  on  milk 
suppUes. 


I' 
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REPORT  OF  COMMITTEE  ON  MILK  SUPPLIES. 


Since  our  1921  report  nothing  has  occurred  to  change  our  general 
recommendations.  There  are,  however,  some  feature  of  our  last 
report  that  may  be  emphasized  and  considered  more  in  detail. 

As  sanitarians,  we  are  principally  interested  in  the  prevention  of 
communicable  disease.  There  is  ample  proof  that  communicable 
diseases  are  being  transmitted  from  the  dairy  herd  to  the  milk  con- 
sumer and  from  the  milk  handler  to  the  milk  consumer.  We  have 
evidence  showing  that  bovine  tuberculosis  is  prevalent  among 
dairy  herds,  especially  in  the  eastern  part  of  our  country,  and  year 
after  year  we  have  communicable  diseases  transmitted  from  the 
milk  handler  to  the  milk  consumer. 

The  main  objects  of  our  attack  are  not  reached  until  we  definitely 
cut  off  these  two  channels  of  infection.  The  more  bovine  tuberculosis 
among  children  is  studied  the  more  its  importance  is  realized.  We 
must  conclude  that  milk  not  protected  from  this  disease  at  the  point 
of  production  must  be  efficiently  pasteurized,  and  information  at 
hand  indicates  that  milk  infected  by  the  herd  is  more  resistant  to 
pasteurization  than  milk  infected  by  laboratory  cultures. 

Raw  milk  must  be  obtained  from  herds  free  from  bovine  tuber- 
culosis, and  the  accredited  herd  plan,  which  is  the  only  nation-wide 
plan  ever  attempted,  should  undoutedly  be  the  basis  for  this  work 
in  all  herds. 

The  report  of  the  committee  on  tuberculosis  of  the  United  States 
Livestock  Sanitary  Association,  dated  November  29,  1921,  imder 
the  subdivision  entitled  "Public  health,"  stated  as  follows: 

One,  if  not  the  most  effectiye,  stimulus  for  a  more  general  recognition  of  this  question 
from  a  public  health  standpoint  would  be  greater  activity  coming  from  our  Fedenl, 
State,  and  local  public  health  departments.  There  is  evidence,  however,  of  increased 
interest  from  these  sources,  and  we  may  hope  for  more  enthusiastic  work  and  coopera- 
tion in  the  future. 

Our  educational  program,  if  properly  executed,  will  no  doubt  be  the  means  of 
greatly  extending  and  making  more  efficient  the  sanitary  supervision  of  our  meat  and 
milk  supply,  especially  in  those  quarters  where  such  work  is  incomplete  or  not  at  tO 
in  operation.  As  was  suggested  in  discussing  an  educational  policy,  it  is  eqtially 
true  that  there  should  be  greater  cooperation  on  the  part  of  the  regulatory  forces 
operating  within  the  State  for  the  protection  of  public  health.  As  we  analyze  and  go 
into  the  details  of  this  great  campaign  on  bovine  tuberculosis  eradication,  aiming,  m 
it  does,  to  protect  human  life  on  one  side  and  animal  life  on  the  other,  its  functioos 
are  more  or  less  inseparable,  for  we  can  not  give  an  effective  service  for  one  witboot 
the  aid  of  the  other. 

Educational  campaigns  on  the  relation  of  animal  tuberculosis  to  public  health  should 
be  conducted  by  health  authorities.  The  health  authorities  should  be  provided 
with  such  information  as  will  stimulate  them  to  reach  the  public  through  educational 
dex>artments,  educational  institutions,  veterinary  and  medical  colleges,  veterinary 
and  medical  profession,  other  professions,  hospitals,  nurses,  the  press,  bulletinai 
30 
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orgmoisatioii,  public  speechee,  and  other  conceivable  channels.  It  is  the  duty  of 
the  above  agencies  rather  than  ours  to  do  educational  work  pertaining  to  public 
health.  It  is  our  duty  to  produce  reasons  why  this  should  be  done  and  to  disseminate 
knowledge  and  do  educational  work  pertaining  to  the  health  of  live  stock  as  an  economic 
feature  and  to  find  the  ways  and  means  of  preventing  loss  to  the  live-stock  industry. 
If  we  can  show  that  the  danger  to  public  health  can  be  corrected  and  other  good  reasons 
for  udng  that  feature  as  a  means  of  correcting  its  cause,  then  the  health  organizations 
UBdoobtedly  will  properly  inform  the  public,  which  in  turn  will  stimulate  the 
Toluntary  support  of  stock-men  in  a  tuberculosis  campaign. 

This  plan  protects  both  the  herd  and  the  consumer.  Also,  there 
is  an  improvement  in  the  general  sanitation  of  the  dairies  operating 
under  the  accredited  herd  plan,  for  the  plan  requires  a  disinfection 
of  infected  premises,  proper  housing  of  animals,  and  protection  of 
animals  from  outside  infection. 

The  standard  methods  for  the  bacteriological  examination  of 
milk  as  adopted  by  the  laboratory  section  of  the  American  PubUc 
Health  Association  are  not  in  universal  use,  and  confusion  is  inevita- 
ble as  the  results  of  various  methods  are  placed  before  the  pubUc 
health  officials  and  milk  consumers.  More  emphasis  should  be 
placed  upon  the  importance  of  the  use  of  standard  methods. 

This  committee  still  supports  the  definition  of  pasteurization  as 
given  by  the  United  States  Department  of  Agriculture  in  Food 
Inspection  Division  178.  The  only  question  concerning  this  defini- 
tion may  be  the  advisability  of  placing  the  maximum  temperature 
in  pasteurization  at  145^  F.  There  are  now  sufficient  plants  operat- 
ing under  this  definition  to  prove  to  any  open-minded  individual  that 
the  definition  is  conservative  and  practical.  Plants  using  this 
definition  are  competing  successfully  under  commercial  conditions 
with  raw  milk  and  with  plants  0{>erating  under  any  other  definition 
of  pasteurization. 

Our  former  report  indicated  that  a  field  was  open  to  sanitary 
engineers  to  improve  milk-treatment  apparatus.  We  should  con- 
sider at  once  the  elimination  of  pockets  which  allow  milk  to  remain 
in  pasteurizing  apparatus  without  treatment  or  only  partial  treat- 
ment. The  recording  thermometer  is  not  being  used  as  extensively 
aft  its  importance  demands* 

The  prevention  of  the  transmission  of  communicable  diseases  from 
the  milk  handler  to  the  milk  consumer  needs  immediate  attention. 
Hilk  delivered  raw  for  domestic  purposes  should  be  handled  by  those 
who  are  examined  for  communicable  disease  within  two  weeks  after 
employment  and  at  least  semiannually  thereafter.  This  exami- 
nation should  cover  those  who  handle  this  product  from  the  time  it  is 
produced  until  it  is  delivered  to  the  consumer.  Also,  there  should 
be  a  similar  medical  examination  of  those  who  handle  milk  during 
the  process  of  pasteurization  and  after  pasteurization. 

Mr.  H.  A.  WmxTAKER.  The  supervision  of  milk  supplies  from  a 
public  health  point  of  view  is  one  which  should  be  given  serious 
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consideration  by  sanitary  engineers.  A  few  State  boards  and 
departments  of  health  have  already  placed  at  least  a  portion  of  their 
milk  supervision  work  under  their  divisions  handling  sanitary 
engineering  problems.  This  is  the  most  logical  division  of  the  health 
department  to  handle  the  greater  part  of  this  work,  especially  the 
supervision  of  pasteurization  plants,  since  such  plants  offer  many 
engineering  problems.  More  State  sanitary  engineers  should  give 
the  matter  consideration  with  the  view  of  making  this  a  part  of  their 
work  before  it  is  undertaken  by  some  other  department  of  the  State 
government,  where  it  may  lose  its  significance  from  a  health  point 
of  view.  The  Minnesota  State  Board  of  Health  placed  the  work  on 
the  supervision  of  pasteurization  of  milk  in  Minnesota  under  the 
direction  of  the  division  of  sanitation  in  1917.  There  is  probably 
no  other  branch  of  work  which  has  been  taken  up  by  that  division 
where  more  rapid  progress  has  been  made  in  improving  conditions. 
Any  of  the  sanitary  engineers  who  are  interested  in  the  supervision 
work  as  carried  out  in  Minnesota  will  be  provided  with  information 
on  this  subject  at  any  time. 

The  paper  by  Mr.  Morse  deals  almost  wholly  with  the  theoretical 
efficiency  of  chlorine  sterilization,  omitting  discussion  on  its  limita- 
tions in  waterworks  practice.  The  comparison  made  in  the  report 
of  chlorination  with  filtration  and  sedimentation  processes  fails  to 
recognize  the  very  much  greater  reliance  on  the  human  factor  in 
chlorination.  Also,  because  dilorination  with  other  sterilizatiim 
processes  is  theoretically  capable  of  nearly  100  per  cent  bacterial 
removal,  no  matter  how  high  the  concentration  in  the  implied  water, 
and  is  at  the  same  time  much  more  easily  reduced  to  zero  efficioicy, 
the  consideration  of  standards  and  load  factors  for  this  type  of  water 
treatment  must  be  handled  differently  than  for  sedimentation  and 
filtration. 

The  dissenting  members  regret  that  a  report  giving  their  views 
was  not  submitted.  In  written  discussions  with  the  chairman,  it 
was  thought  that  these  ideas  had  been  clearly  presented,  and  would 
be  incorporated  in  the  report.  It  is  requested  that  the  committee 
be  continued  and  the  subject  referred  back  for  further  consideration. 

A  motion  was  made  by  Mr.  Dittoe,  seconded,  and  carried,  that  the 
committee  be  continued  till  the  next  meeting  and  that  the  secretary 
instruct  the  chairman  of  the  committee  that  it  is  the  desire  of  the 
conference  to  have  the  committee  make  a  report  on  the  limitations 
in  the  field  of  usefulness  of  chlorine  in  water  treatment  and  the  scope 
of  chlorination. 

Mr.  Ellis  S.  Tisdale,  director  division  of  sanitaiy  engineering, 
West  Virginia  State  Department  of  Health,  then  delivered  an  inter* 
esting  paper  on  "Good  advice — A  keynote  to  success  in  Wheeling's 
water  supply  campaign." 


GOOD  ADVICE— A  KEYNOTE  TO  SUCCESS  IN  WHEELING'S 

WATER  SUPPLY  CAMPAIGN. 


it 


State  sanitation"  was  the  title  of  an  instructive  paper  read  by 
Ptof .  George  W.  Whipple  before  the  State  Sanitary  Engineers  Asso- 
ciation in  Boston  during  June,  1921,  on  the  occasion  of  their  second 
annual  conference.  This  paper  dealt  with  the  fundamental  and 
goremmental  princq)le8  of  State  health  departments,  but  it  discussed 
in  considerable  detail  the  engineering  aspects  of  State  health  work. 
Professor  Whipple's  admirable  paper  sete  a  high  standard  for  engi- 
neering divisions  to  attain,  but  they  will  do  well  to  try  and  reach  this 
standard.  His  comments  upon  the  methods  which  he  considers 
most  effective  for  lasting  good  to  the  community  in  question  are 
noterworthy.  In  his  opinion  ''good  advice''  which  is  the  result  of 
study  and  application  and  a  thorough  knowledge  of  conditions,  is 
the  keynote  for  success  in  making  permanent  gains  in  pubUc  health 
work  by  State  health  departments.  Good  advice  are  the  two  words 
which  he  uses  to  sum  up  the  greatest  usefulness  of  an  engineering 
-division.  But  mark  this,  it  must  be  "good  advice."  This  contains 
the  idea  that  in  some  way  or  other  the  division  has  demonstrated  its 
worth  through  helpful  service  and  secured  the  trust  of  the  people 
so  that  they  are  willing  to  come  for  help  in  time  of  trouble.  Toward 
the  end  of  his  address  he  sums  the  whole  matter  up  succinctly  in  the 
following  statement: 

Aa  a  result  of  my  experience  as  a  practicing  engineer,  as  a  public  health  adminis- 
tzmtor,  and  a  historian  for  the  Massachusetts  State  Department  of  Health,  I  am  con- 
vinced that  the  advisory  functions  of  a  State  department  of  health  carry  with  them 
more  power  for  bettering  sanitary  conditions  than  the  more  drastic  actions  covered 
by  permits,  ^approvals,  and  orders,  although  without  the  latter  the  advisory  powers 
would  lack  force. 

This  conviction  as  to  the  effectiveness  of  good  advice  has  been 
gradually  growing  in  the  minds  of  the  engineers  of  the  West  Virginia 
State  Health  Department,  not  only  through  the  experience  of  a  num- 
ber of  years  in  this  State,  but  also  by  the  observation  of  the  success 
of  the  campaign  for  pure  water  supplies  in  the  neighboring  State  of 
Ohio.  Massachusetts  also,  the  pioneer  State  in  public  health  work| 
has  consistently  followed  the  advice  policy  with  a  good  measure  of 
success.  An  "intensified  advice"  policy  for  the  largest  city  in  the 
State,  Wheeling,  was  adopted  in  West  Virginia  over  a  year  ago  to 
definitely  reach  the  goal  of  a  safe  public  water  supply.  It  is  my  pur- 
pose to  try  and  show  how  an  adherence  to  this  policy  has  at  last 
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achieved  success  in  West  Virginia,  although  the  advice  policy  also 
had  attached  to  it  a  lever,  the  lever  of  approval,  without  which 
doubtless  the  advisory  powers  might  have  failed  signally.  Before 
discussing  this  intensified  advice  policy  it  will  be  necessary  to  go 
back  for  about  two  decades  and  observe  the  struggle  of  the  city  of 
Wheeling  to  obtain  a  good  water  supply  which  began  back  in  the 
nineteenth  century. 

If  we  will  look  back  20  years  and  glance  for  a  moment  at  Dr. 
George  M.  Kober's  article  and  chart  on  '^  Conservation  of  life  and 
health  by  improved  water  suppUes"  we  can  see  the  public  water 
supply  conditions  for  the  years  1902-1906  which  prevailed  in  many 
of  the  largest  cities  in  the  United  States  with  the  consequent  high 
typhoid  death  rates.  Wheeling,  W.  Va.,  with  a  typhoid  death  rate 
of  almost  100,  stood  next  to  Pittsburgh,  Pa.,  with  a  death  rate  of  120, 
which  was  at  the  very  bottom  of  the  list.  At  about  this  time  the 
question  of  water  supply  improvement  was  agitated  for  Wheeling 
and  though  by  1910  nearly,  if  not  every  other  city,  had  installed 
purification  systems  and  reduced  greatly  the  t3rphoid  death  rate. 
Wheeling's  water  supply  for  nearly  20  years  was  the  playground  of 
politics  and  caprice  until  1922,  when  victory  was  gained. 

In  1907  the  city  of  Pittsburgh  completed  her  filtration  plant  and 
Wheeling  was  afforded  a  good  example  to  follow.  Mayor  C.  C 
Schmidt  and  the  Wheeling  council  visited  the  new  plant  and  declared 
their  intention  of  immediately  giving  Wheeling  pure  water  by  adopt- 
ing a  filtration  system.  In  1907  Dr.  S.  L.  Jepson,  for  many  yean 
health  officer  for  Wheeling  and  West  Virginia's  first  State  health 
commissioner,  recommended  mechanical  filtration  strongly  in  a 
paper  read  before  the  Central  States  Water  Board  Association.  Hib 
conclusions  were  reached  only  after  a  careful  study  of  Wheeling's  water 
supply  problem. 

When  a  decision  was  about  to  be  made  for  a  mechanical  filtration 
system  the  element  of  the  ^^ Smith  system  of  filtration'*  was  injected 
into  the  question.  This  system,  in  which  filter  units  were  con- 
structed in  the  bed  of  the  Ohio  River,  had  just  been  adopted  in 
Parkersburg  after  a  bitter  fight  between  advocates  of  mechanical 
filtration  and  wells.  It  was  a  system  which  resembled  rapid  sand 
filtration  in  that  filter  beds  were  used  which  could  be  back-flushed 
though  no  chemicals  were  added,  and  it  bore  a  likeness  to  wells  in  that 
a  considerable  proportion  of  ground  water  came  into  the  underdrains 
of  the  filter  beds  from  the  surrounding  plain. 

The  promoter  of  this  *' Smith  system,"  who  believed  thoroughly  in 
his  plan  of  filtration,  came  to  Wheeling  in  1913  and  urged  the  city 
council  to  adopt  it.  The  erroneous  idea  that  it  was  necessary  to  use 
harmful  chemicals  in  the  mechanical-chemical  system  of  filtration, 
as  it  was  styled,  was  spread  broadcast  while  the  benefits  of  the 
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natural  filtration  were  widely  advertised.  As  a  result  of  a  huge 
campaign,  the  city  council  voted  for  the  ''Smith  system  of  filtration.'' 
However,  a  reaction  set  in  when  the  bond  issue  was  presented  to  the 
people  and  it  was  voted  down.  Though  the  ''Smith  system"  failed 
of  installation,  it  accomplished  one  definite  object.    It  prejudiced 
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the  minds  of  the  ]>eople  against  rapid  sand  filtration  and  influenced 
them  in  favor  of  a  ground-water  or  well-water  supply. 

The  logical  outcome  of  the  education  of  the  people  as  to  the  wonder- 
ful yield  of  pure  water  which  might  be  expected  from  the  sand  beds 
which  surround  Wheeling  Island  resulted  in  a  campaign  for  a  well 
system  of  water  supply.     The  city  engineer,  together  with  one  other 
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local  civil  engineer,  were  authorized  to  prepare  a  report.  This 
appeared  in  1915  aa  a  pamphlet  entitled,  ^'Report  on  the  Propoeed 
Well  System  of  Filtration."  These  engineers  as  a  result  of  their 
joint  study  recommended  to  the  city  that  a  system  of  wells  such  as 
they  had  investigated  would  jrield  a  sufficient  supply  of  pure  water 
for  Wheeling.  However,  no  funds  were  ever  made  available  to  con- 
struct the  system  as  outlined  in  the  report.  Political  conditions  were 
not  right  for  going  ahead  with  the  project  at  this  time. 

In  tile  meantime  a  study  of  West  Virginia's  public  health  laws  and 
administration  had  been  carried  on  by  Taliaferro  Clark,  of  the 
United  States  PubUc  Health  Service,  and  recommendations  were 
made  which  became  incorporated  into  the  new  public  health  laws 
adopted  by  the  State  Legislature  in  1913.  The  creation  of  the  divi- 
sion of  sanitary  engineering  in  this  reorganization  of  the  State  board  of 
health  and  the  granting  of  the  pKJwer  of  approval  on  new  water  sup- 
plies to  the  State  health  department  had  a  vital  bearing  on  the  final 
action  in  1922  to  solve  Wheeling's  water  supply  problem. 

In  1918  the  ** Smith  system"  and  the  well  system  having  been 
attempted  and  nothing  accomplished,  the  division  of  sanitary  engi- 
neering met  the  city  council,  and  by  advice,  written  and  oral  and 
constantly  repeated,  at  last  prevailed  upon  the  city  to  adopt  chlorina- 
tion  as  a  method  of  treatment  which  would  at  least  partially  saf^ard 
the  city  water  until  a  pure  public  water  supply  could  be  provided. 
The  advice  by  the  State  department  of  health  that  disinfection  would 
be  worth  while  has  certainly  proved  to  be  valuable  by  the  experience 
of  the  next  four  years,  as  shown  in  the  accompanying  chart. 

The  dense  black  areas  on  the  chart  show  a  typhoid  case  rate  of  200 
and  155  for  1917  and  1918,  respectively.  After  the  installation  of 
disinfection  apparatus  there  were  but  28  cases  of  typhoid  reported 
during  1919,  and  up  until  April,  1920,  only  7  cases  had  been  reported 
for  the  year  1920.  This  was  a  reduction  of  85  per  cent  for  1919 
compared  with  the  average  for  the  two  previous  jesxs.  The  fol- 
lowing  year,  1920,  showed  still  further  reduction,  imtil  interruption 
of  the  chlorine  treatment  occurred.  Now,  what  caused  the  jump 
as  shown  on  the  chart  so  that  37  cases  in  all  were  reported  for  19201 
Just  this,  the  country-wide  freight  embargo  during  March  and 
April,  1920,  held  up  the  chlorine  tanks  so  that  the  city  water  went 
imtreated  for  over  three  weeks.  T^ere  was  an  immediate  rise  in 
the  number  of  typhoid  cases  in  the  city  reported  to  the  healtk 
oflScer.  A  small  epidemic  occurred;  28  cases  were  reported  up  to 
July  1,  and  4  deatibs  occurred  in  June  alone.  How  sensitively  tto 
community  responded  to  the  change  in  the  condition  of  the  city 
water  supply  brought  about  by  chlorination  is  certainly  well  ilh** 
trated  by  this  four^year  history. 
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At  the  time  of  the  installation  of  the  chlorinating  apparatus  to 
disinfect  the  city  water  supply  a  new  and  effective  city  adminis- 
tration came  into  office.  A  pure  water  commission  was  formed  and 
under  the  direction  of  the  efficient  city  manager  a  comprehensive 
study  of  the  water  supply  problem  was  made.  A  firm  of  reliable 
consulting  engineers  were  retained  and  they  reported  their  findings 
carefully.  The  outcome  was  a  unanimous  decision  by  this  commis- 
sion to  install  a  rapid-sand  filtration  system  with  the  Ohio  River 
as  the  source  of  supply.  A  bond  issue  was  prepared  and  the  water 
supply  question  again  submitted  to  the  citizens,  asking  that  they 
vote  money  for  the  construction  of  a  filter  plant.  Still  the  hand  of 
fate  was  against  the  project.  The  people  had  been  too  well  sold 
on  natural  filtration  by  the  intensive  propaganda  carried  on  to 
fiu-ther  both  the  "Smith  system  of  filtration"  and  the  well  water 
supply.  It  had  been  emphasized  that  under  these  two  systems  t^e 
water  was  purified  by  natural  means  and  not  by  poisonous  chem- 
icals. The  attempt  to  obtain  funds  to  the  extent  of  a  million  dollars 
for  a  pure  water  supply  failed.  Who  can  deny  that  it  was  not  a  wise 
move  for  the  State  department  of  health  to  have  insisted  upon  chlo- 
rination  of  the  city  water  since  this  problem  of  obtaining  a  satis- 
factory public  water  supply  for  Wheeling  still,  in  1919,  remained 
as  much  unsolved  as  at  the  start  in  1900. 

After  this  latest  failure  to  provide  funds  for  building  a  modem 
purification  system  it  seemeS  necessary  and  desirable  for  the  sani* 
tary  engineers  of  the  State  department  of  health  to  embark  on  a 
definite  "intensified  advice  policy'*  to  overcome  the  antagonism 
to  rapid  sand  filters.  After  getting  the  cooperation  of  the  news- 
papers of  the  community  in  May,  1921,  the  sanitary  engineering 
division  started  a  series  of  weekly  editorial  articles  which  were 
prominently  displayed  in  the  newspapers  under  the  caption  "Talks 
on  Wheeling  water." 

PROGRESSIVE    CITIES. 

Throughout  West  Virginia  there  are  numerous  towns  ranging 
from  2,500  to  18,000  in  population  who  use  for  their  public  water 
supply  a  surface  water  not  unlike  the  supply  furnished  Wheeling. 
The  continued  occurrence  of  typhoid  fever  over  what  is  coi^id* 
ered  the  normal  rate,  has  brought  home  to  them  the  short- 
sighted economy  of  obtaining  cheap  water  but  with  a  doctor's  fees 
attached  to  the  consumer's  bill.  Unfortunately  the  arrival  of  tixa 
doctor's  bills  are  not  heralded  in  advance  and  it  finds  the  average 
family  ill  prepared  to  stand  this  additional  strain.  ConsequoiUy 
they  have  taken  the  water  question  to  heart  and  have  wiUing^ 
bonded  themselves  to  purchase  this  essential  improvement.  Moei 
of  the  towns  are  small  and  maintain  a  good  check  on  the  expend- 
iture of  the  money  raised  for  the  purpose  of  building  a  Sitnr 
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lioB  plant.  Aa  tht  towns  increase  in  size  the  opportunity  for  les- 
sened numey  vahie  to  the  city  in  its  contracts  becomes  greater 
and  is  in  some  cities  a  question  of  fact. 

Several  of  the  towns  in  West  Virginia  which  are  either  just  building 
or  contemplating  building  filtration  plants  are  Shinnston,  St.  Albans, 
EUdnSy  Logaa,  and  in  the  near  future  possibly  Fairmont  and  Oraf ton. 
These  cities  have  seen  the  utter  futility  of  forcing  a  polluted  water 
throng  tlu  arteries  of  the  city  to  be  tapped  by  all  the  citizens  with 
often  very  dire  results  as  the  history  of  the  towns  vividly  testify. 

Elkins,  a  town  of  7,500  people,  recently  voted  a  bond  issue  of 
1125,000  for  various  improv^nente,  including  a  filtration  plant.  The 
muddy  Huttonsville  branch  of  the  Cheat  River  became  impossible  to 
chlorinate  and  at  frequent  intervals  in  the  year,  just  at  the  period 
idien  chlorination  was  most  needed  after  the  hills  had  been  washed 
down,  the  mud  so  carried  prevented  the  chlorine  gas  from  doing  its 
work.  Now  a  2,000,000-gallon  plant  sufficient  in  i^e  to  last  many 
years  will  be  built  and  thus  a  clean  and  absolutely  safe  water  will  be 
supfdied  to  the  people. 

St.  Albans,  a  town  of  2,500  people,  situated  on  the  Goal  River,  real- 
ized that  no  real  expansion  could  be  made  in  the  growing  town  unless 
the  newcomers  were  assured  a  satisfactory  water  supply.  Not  only 
were  the  people  recipients  of  silt  and  organic  matter,  but  leaves  and 
sticks  were  pumped  through  ^e  mains.  Surely  it  was  worth  while  to 
stint  one's  self  a  litUe  to  improve  this  condition.  A  rather  unique 
method  was  used  to  obtain  the  money.  The  general  manager,  a  well 
known  business  man  of  that  town,  pledged  his  word  of  honor  that 
these  bonds  sold  pubhdy  would  have  their  interest  secured  by  him 
personally.  That  is,  a  promise  was  sufficient  and  the  bonds  sold 
quickly.  Not  all  cities  could  boast  of  that  method  of  raising  money, 
but  it  shows  the  many  ways  in  which  a  town  or  its  individuals  may,  if 
they  are  determined,  raise  the  necessary  funds  to  provide  these  im- 
provements. 

Slowly  theP  cities  are  falling  in  line  and  providing  their  citizenry 
with  a  commodity  that  is  clear  and  wholesome,  with  water  that  is  safe, 
and  that  may  be  consumed  in  any  amoimt  without  fear  of  sickness  or 
maybe  death.  How  long  will  the  larger  cities  supinely  continue  to 
use  a  foul  and  imsaf e  water  ? 

Just  brfore  this  intensive  educational  campaign  started  a  newly 
dected  city  coundl  appointed  another  pure  water  commission  to  at* 
tempt  to  solve  the  local  water  problem.  Despite  the  thorough  manner 
in  which  the  question  had  been  studied  by  the  previous  commission, 
which  was  composed  of  men  competent  to  judge  the  matter,  this  new 
water  commission  listened  with  great  eagerness  to  a  brand  new 
proposal  for  another  wdl  supply,  which  it  was  promised  could 
be  installed  for  a  relatively  small  amount  of  money  and  was  sup* 
pK>6ed  to  have  particular  merit  since  the  water  was  to  be  pumped 
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by  compressed  air.  A  favorable  vote  was  passed  by  the  city  ooon- 
oil  to  accept  the  proposal  of  the  company  advocating  this  system 
provided  the  State  department  of  health  would  approve  it.  In  all 
probability  this  system  would  have  been  installed  but  for  the  law  re- 
quiring the  approval  of  new  projects  by  the  State  health  department. 
Approval  was  refused,  since  it  was  felt  af t^  careful  examination  that 
both  quantity  and  quality  of  water  derived  from  ground-water 
sources  were  uncertain.  Great  indignation  was  manifest  at  the  coon* 
cil  meeting  and  the  idea  was  given  expression  by  prominent  and  pow* 
erful  politicians  that  it  would  be  well  to  wait  before  making  any  de- 
cision about  the  water  supply  and«go  before  the  State  legislature  ia 
1921  to  repeal  the  present  public  health  law,  which  gave  supervision 
of  the  plans  for  new  water  systems  to  the  State  health  department. 
This  was  the  state  of  affairs  when  the  weekly  water  supply  letkn 
made  their  appearance  throughout  the  spring,  summer,  and  winter  ci 
1921  and  the  spring  of  1922.  In  January,  1922,  a  new  city  govemm^t 
was  installed  in  office  imd  officials  came  into  powor  who  had  a  strong 
desire  to  better  civic  conditions  and  were  in  sympathy  with  instaliing 
a  modem  water  purification  system.  During  all  this  time  the  steady 
stream  of  articles  illustrating  the  means  for  purifying  surface  waters, 
and  counteracting  the  idea  that  the  ¥FeIl  system  was  the  only  one  to 
produce  a  water  fit  to  drink  were  being  read  each  week.  Thus,  a  sure 
foimdation  was  laid  for  the  intensive  program  later  on  to  carry  the 
bond  issue  for  building  a  prop^  fiitet  plant.  Undw  the  leadership  of 
a  new  city  manager  the  plan  of  1919  for  mechanical  filtration  wm 
revised  to  fit  the  changed  conditions  in  the  rapidly  growing  mty.  Thia 
plan  was  adopted  unanimously  by  the  city  council  and  a  short  inten* 
sive  campaign  for  a  $2,000,000  bond  issue  to  build  the  plant  inaugu* 
rated.  The  intensive  campaign  was  vigorously  prosecuted  and  all 
the  modem  methods  of  putting  a(»*os8  bond  issues  adopted. 

1.  First  and  most  important  the  campaign  was  personally  directed 
by  the  city  manager,  who  had  the  confidence  of  the  business  men  of 
the  community. 

2.  A  carefully  laid-out  program  of  mass  meetings  in  all  the  differ- 
ent wards  of  the  city  brought  detailed  information  to  every  citiaen. 

3.  Civic  organizations,  such  as  the  Rotary,  Sjwanis,  and  lions 
Clubs  actively  pledged  their  support  and  asked  each  member  to  see 
10  other  men  to  explain  away  any  objections.  Also,  15  speakers 
from  these  clubs  gave  four-mitiute  speeches  each  night  in  all  motion- 
picture  houses  during  the  last  week  of  the  campaign. 

4.  Fifteen  thousand  pure  water  buttons  were  distributed  among 
the  school  children  of  the  city,  and  school  teachers  emphasised  what 
pure  water  would  mean  for  Wheeling. 

5.  Fifteen  thousand  little  vest-podoet  size  pamphlets  were  jnrepaied, 
setting  forth  every  detail,  such  as  cost  of  plant,  taxation  question, 


wheslinq's  watbb  supply.  41 

nDempIoyment  relief  situation,  public  health  betterment,  fire  in- 
surance rate  reduction,  soap  hardness  reduction,  and  lessened 
plumbing  costs. 

6.  Hie  chamber  of  conunerce  and  interested  citizens  contributed 
a  sufficient  fund  of  money  for  full-page  advertising  for  a  lO-day 
period  preceding  the  election  day,  and  a  trained  "  ad  "  writer  arranged 
the  display. 

7.  The  women,  organized  by  the  president  of  the  League  of  Women 
Voters,  proved  a  strong  ally  for  the  cause  and  they  were  supplied 
with  machines  to  assist  in  getting  the  vote  out. 

8.  On  election  day  every  precaution  was  taken  to  get  a  big  vote 
out  by  having  industrial  works  close  early.  Large  employers  of 
labor  personally  urged  their  men  to  vote.  Li  fact,  no  stone  was 
left  unturned  to  put  the  issue  through  since  conditions  might  never 
again  be  so  favorable.    A  3  to  1  majority  was  the  verdict. 

It  may  be  argued  that  the  engineering  division  spent  too  much 
time  and  effort  on  one  particular  city  in  the  State  in  prosecuting  this 
campaign.  However,  from  my  point  of  view  I  deem  the  success  of 
this  campaign  worth  all  the  money  which  the  State  of  West  Virginia 
has  appropriated  for  the  carrying  on  of  all  the  six  divisions  of  the 
entire  State  department  of  health  since  it  started  its  public  health 
work  in  1913. 

The  State  Health  Department  appropriations  since  its  start  in 
1913  hare  been  as  follows: 


1913 $10,636 

1014 10,636 

mS 15,467 

me 16,467 

m7 25,000 

1918 25,000 


1919 $45,000 

1920 46,000 

1921 60,000 

1922 60,000 


Total 312,186 


Loss  TO  WHsniKO  GrnzBNs  m  Decade  1910-1920,  Nine  Ybabb,  from  Typhoid 
Fever  Due  to  a  High  TrPHon)  Death  Rate  Occasioned  bt  Dangerous  Public 
Watbr-Sufply  Conditions. 

watbr-8upfly  condfiions. 

Raw  Ohio  River  water  furnished  for  public  water  supply. 

Pollution  of  Ohio  at  WheeHng  great,  due  to  discharge  of  sewage  of  Pittsburgh  and 
other  large  cities  above  Wheeling  into  the  Ohio  Riven 

PinoTicial  losses  to  Wlieeling  citizens. 

Expenditure  by  private  individuals  for  medical  services  and  drugs,  3,300 

cases,  at  $50 $165,000 

Privateexpenseofnuningservices,  800  cases,  at  $100 80,000 

Loss  of  time  by  wage  earners,  one  third  of  cases,  6  weeks,  at  $5  per  day. . . .  198, 000 

Value  of  lives  lost,  220,  at  $4,000 880,000 

Puneial  expenses,  220,  at  $150 33,000 

Total  estimated  loss  for  year  period 1,356,000 
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IMPROVtMBNTB  BBOUQHT  ABOUT. 

Chlorination  eetablished  in  December,  1918,  following  vigorous  campaign  by  State 
health  department. 

Action  by  pure  water  commiaBion  and  city  counetl  in  1920  authorising  prepaiatioD 
of  mechanical  filtration  plant  plans  following  refusal  of  State  health  department  to 
permit  use  of  wells  in  Ohio  River. 

Compare  the  totals  in  each  of  the  above  Usts.  The  eiq>eiiditure 
of  money  in  Wheeling  as  a  sacrifice  to  preventable  typhoid  fever  has 
totaled  over  one  and  one-third  million  dollars  in  a  decade.  To 
maintain  the  entire  State  health  department  from  1913  to  the  present 
time  has  cost  less  than  $320,000,  and  I  feel  that  if  the  State  depart- 
ment of  health  since  its  inception  had  accomplished  nothing  else 
but  the  bringing  of  a  pure  water  supply  to  Wheeling  in  the  nine  yetTB 
of  its  work  the  expenditure  of  money  would  have  been  justified 
many  times  over. 

West  Virginia  has  been  a  backward  State  in  public  health  work, 
in  sanitation,  and  in  its  general  development  because  of  its 
comparative  isolation,  but  there  are  many  other  States  in  the  Union 
to-day  behind  West  Virginia.  It  has  therefore  seemed  worth  while 
to  sketch  the  experience  of  Wheeling,  her  water-supply  struggle, 
and  the  part  that  the  sanitary  engineers  of  the  health  department 
are  playing  in  trying  to  reduce  the  typhoid  toll  from  wat^^bome 
diseases. 

Advice,  backed  up  by  the  power  of  approval  on  puUic  water 
supplies,  has  played  the  leading  rdle  in  winning  the  victory  for  a 
pure  water  supply,  first,  in  bringing  to  pass  disinfection  of  ike  dty 
water  and  later  through  an  intensified  program  dispelling  the  erro* 
neous  idea  of  the  people  regarding  mechanical  filtration  and  helping 
the  passage  of  a  bond  issue  of  $2,000,000  for  a  modem  water-purifi- 
cation system. 

The  conference  adjourned  at  10  p.  nu  until  the  following  morning. 


May  18t  192%  Morning  Session. 

The  conference  was  convened  on  May  18  at  d.30  a«  noL  in  room 
2144,  Interior  Building,  by  Chairman  Emerson* 

Mr.  Clarence  Marsh  deUvered  a  paper  on  ''Electrolytic  Produetion 
of  Chlorine  with  Special  Reference  to  Water  Treatment."  'Dien 
was  a  general  discussion  of  the  paper. 


ELECTROLYTIC  PRODUCTION  OF  CHLORINE,  WITH  SPECUL 

REFERENCE  TO  WATER  TREATMENT. 


Chlorii^e  has  become  such  an  important  factor  in  the  preservation 
of  health  of  our  citizens  that  any  new  facts  on  the  situation  wiU  be 
welcomed  by  the  general  pubUc. 

Chlorine  can  be  made  on  the  job  in  simple  electrical  apparatus. 
Chlorine  is  made  by  passing  a  direct  current  of  electricity  through  a 
saturated  salt  solution.  Salt  is  the  cheapest  conmiodity  known. 
Electric  power  is  available  anywhere.  It  may  be  purchased  at 
reasonable  rates  for  power  piuT^oses  or  it  can  be  generated  as  direct 
current  by  means  of  oil,  gas,  or  steam  power  in  small  or  large  units. 
Under  reasonable  conditions  the  cost  to  the  consumer  wiU  be  much 
less  than  if  chlorine  compressed  in  cylinders  or  drums  is  purchased. 

Not  only  is  the  cost  of  power  and  salt  less  than  the  compressed  or 
liquid  chlorine  but  the  outstanding  feature  is  the  extremely  low 
cost  of  materials  for  repairs  and  renewals,  about  1  cent  per  poimd 
for  small  installations  and  less  than  one-half  cent  for  large  installa- 
tions. In  small  amounts  you  can  make  chlorine  for  one-fourth  of 
the  cost  of  liquid  chlorine,  including  renewals  of  control  apparatus, 
and  in  large  amoimts  for  one-half  the  cost.  Reasonable  prices  for 
electricity,  for  power  purposes,  and  salt  are  assumed. 

Chlorine  and  caustic  soda  wiU  be  used  more  and  more  as  it  is 
generally  known  that  it  can  be  made  available  any  where,  at  any 
time,  and  in  any  amoimt  by  simply  passing  a  direct  current  of 
electricity  through  a  salt  solution.  In  addition  it  eUminates  any 
necessity  for  storage  of  chlorine  imder  high  pressure. 

Consider  a  small  water  plant  where  the  amount  of  chlorine  to  be 
used  might  be  as  low  as  3  poimds  daily.  The  amoimt  may  vary 
from  1^  to  4)  poimds.  What  kind  of  an  apparatus  is  required  to 
make  this  amount  of  chlorine  on  the  job  ? 

It  consists  of  a  hard  rubber  or  wood  battery  box  containing  one 

cell,  total  weight  67  pounds,  occupying  1^  square  feet  floor  space, 

and  height  about  18  inches.    To  supply  this  battery  with  a  salt 

solution  we  can  use  a  small  wood  tank  about  3  feet  in  diameter  and 

%ho\it  4  feet  high,  giving  from  one  week  to  two  weeks'  supply.    By 

%  proper  arrangement  of  construction  of  the  tank  the  salt  may  be 

lumped  into  it  and  a  pure  salt  solution  withdrawn  ready  to  feed  to 

the  battery. 
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Direct  electric  current  necessary  for  the  operation  of  the  battery 
is  supplied  through  a  small  motor  generator  set  of  about  on^fourth 
kilowatt  capacity.  The  amount  of  current  delivefed  to  the  battery 
is  controlled  through  a  rheostat  located  on  the  electric  control  paneL 
The  amoimt  of  chlorine  made  is  then  indicated  by  the  chlorine 
ampere  meter  on  the  control  panel.  This  can  be  fixed  at  any  point 
within  the  range  of  the  apparatus.  The  amount  of  chlorine  generated 
and  dosed  to  the  water  can  be  varied  automatically  with  the  flow 
through  an  electric  and  mechanical  device  connecting  the  flow  meter 
with  the  control  panel  for  the  battery.  The  rate  of  dosage  may 
vary  from  one-fourth  pound  to  4^  pound  daily  rate. 

In  another  case  where  electric  power  is  not  available  we  can  gener- 
ate it.  For  instance,  the  modem  self-contained  power  light  unit 
can  be  used.  A  direct-current  generator  of  three-fourths  kilowatt 
capacity  directly  connected  to  a  single-cylinder  kerosene  engine  is 
available  in  the  market  to  supply  direct  current  at  25  amperes  and 
30  volts.  For  electric  lighting  a  storage  battery  is  used  in  connection 
with  this  unit,  giving  it  a  wider  range  of  power,  namely,  up  to  about 
li  kilowatts  capacity.  This  power  unit  would  be  sufficiently  laige 
for  a  water  plant  requiring  up  to  24  pounds  of  chlorine  daily. 

For  the  production  of  this  amount  of  chlorine  we  would  use  a 
multiple  type  of  battery  with  this  apparatus.  A  battery  of  10  small 
cells,  each  cell  weighing  about  35  pounds  each,  having  a  capacity  of 
10  amperes  to  40  amperes  and  a  maximiun  capacity  of  24  pounds  of 
chlorine,  might  be  used.  This  battery  would  take  a  floor  space  of  4i 
feet  by  3  feet  or  8^  feet  by  1^  feet,  total  of  13  square  feet.  It  can  be  put 
on  a  shelf  or  on  the  floor  the  same  as  any  storage  battery.  Tlie  units 
are  connected  up  to  a  hard  rubber  pipe  which  delivers  the  chlorine 
directly  to  the  water  to  be  treated.  The  amoimt  of  chlorine  can  be 
varied  within  wide  limits,  2^  pounds  to  25  pounds  daily  rate.  These 
are  typical  installations  for  small  plants.  These  batteries  will  oper- 
ate over  a  year  at  a  time  without  any  other  attention  than  to  see 
that  the  electric  current  is  properly  applied  at  the  desired  rates 
and  that  the  cells  are  kept  filled  with  salt  solution,  which  is  handled 
automatically  through  simple  devices  which  are  not  subject  to 
corrosion  or  clogging.  When  a  cell  or  a  group  of  cells  need  renewal 
they  can  be  replaced  by  other  cells  held  in  reserve  and  the  origin&I 
cells  shipped  back  to  the  factory  or  the  renewals  or  repiurs  can  be 
easily  made  by  any  mechanic.  The  electrolytic  cells  forming  the 
battery  can  be  small  and  light  and  can  be  handled  and  removed 
from  the  battery  boxes  by  one  man.  No  machine  work  is  necessary 
on  any  of  the  parts,  as  they  are  all  standard  and  fit  together  easily. 
None  of  the  repair. parts  are  expensive.  The  materials  used  are 
hard  rubber  or  hard  fiber,  graphite,  asbestos  paper,  and  steel.    It  is 
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a  simple  matter  to  lift  the  cells  out  of  the  box  and  take  off  the  side 
plates  with  the  asbestos  paper  diaphragms.  New  diaphragms  or 
new  anodes  are  put  in  place  and  the  cell  is  ready  for  another  year's 
run.    What  could  be  more  simple  1 

Annual  co$t  of  maintenance  for  materiaU  per  pound  of  chlorine  per  f  4  hours, 

1}  to  2  pounda  graphite,  at  |I  *  per  pound |1. 2&-I2. 00 

Ktfd  rubber  or  hard  fiber  covers  will  laat  indefinitely,  say  10  years; 

1  pound *  .50 

ABbeetos  paper,  1  pound * .  50 

Steel  and  miscelliuieous  materials,  1  pound ' .  50 

Total  annual  cost  for  materials  per  pound  chlorine  per  24  hoius..    2. 75-  3. 50 

• 

The  batteries  can  be  operated  continuously  or  intermittently. 
A  group  of  cells  in  the  battery  can  be  cut  out  or  the  chlorine  from 
them  diverted  when  the  requirements  are  low.  They  can  be  cut  in 
again  when  the  requirement  for  chlorine  is  greater.  Any  number  of 
cells  can  be  connected  up  for  direct  dosage  to  the  water  or  for  any 
other  purposes.  Some  of  the  cells  not  in  service  may  be  used  to 
generate  chlorine  for  making  hypochlorite. 

Chlorine  is  generated  under  a  slight  suction  and  is  drawn  off  and 
applied  directly  to  the  water  without  preliminary  mixture  of  water 
through  ordinary  methods  of  withdrawing  gas  from  any  apparatus, 
yiz,  by  air,  steam,  or  water  ejectors,  pumps,  or  by  any  other  suitable 
mechanical  devices.  There  are  no  valves  to  corrode  or  to  be  stopped 
up.  There  is  no  necessity  for  extremely  accurate  control  of  the 
suction  used  in  withdrawing  the  gas  because  the  amount  of  chlorine 
IB  regulated  by  the  amount  generated  in  the  battery.  No  amount  of 
auction  will  draw  out  any  more.  The  chlorine  is  produced  in  pro- 
portion to  the  electric  current  passing  through  the  battery.  The 
electric  current  can  be  hand  regulated  or  can  be  automatically 
controlled. 

The  mixture  of  caustic  soda  and  chlorine  generated  in  the  battery 
can  be  used  as  a  disinfectant  as  well  as  a  sterilizing  agent.  Every 
mimicipality  has  occasion  to  use  cheap  disinfectants  for  health 
protection. 

The  general  application  for  institutions  as  well  as  for  water  and 
sewage  effluent  is  quite  apparent.  The  apparatus  can  be  loaded  on 
a  truck,  trailer,  car,  or  boat  and  can  be  moved  anywhere.  The 
batteries  will  operate  in  the  coldest  weather.  These  batteries  will 
operate  wherever  any  other  devices  will  operate.  They  need  no 
more  attention  than  a  periodical  inspection,  as  in  the  case  of  any 
other  apparatus.  The  batteries  can  be  started  up  automatically  by 
turning  a  switch  to  turn  on  the  electric  current  or  to  start  the  power 

>  Pzfeas  for  larger  demands. 
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unit.  Tho  rat^  of  chlorine  oan  be  varied  by  hand  or  automatically 
\^j  dianging  the  amount  of  current  delivered  to  the  battery.  The 
devices  for  withdrawing  the  chlorine  can  operate  continuously  or 
can  be  cut  out  or  stopped  in  the  moat  practical  manner.  The  salt- 
solution  feed  should  be  turned  oflF  during  long  interruption  of  current 
to  save  salt.  The  battery  must  be  filled  up  again  before  turning  on 
the  electric  current. 

But  little  attendance  is  required  to  make  up  the  salt  solution. 
It  consists  of  filling  up  a  portion  of  the  wood  tank  with  salt,  turning 
on  the  water,  and,  in  the  case  of  impure  salt  usually  secured  on  the 
open  market,  by  adding  a  small  amount  of  soda  ash  and  caustic  soda 
to  the  salt  solution  to  purify  it.  The  only  attendance  outside  of  this 
is  to  start  and  stop  the  motor-generator  set  and  regulate  the  electric 
current.  EUectrie  apparatus  usually  saves  labor  and  materiaL  The 
spare  ,time  of  the  attendant  is  ample  to  take  care  of  the  renewals  on 
the  job. 

Aside  from  the  attendance,  the  operating  and  the  maintenance 
cost  per  poimd  of  chlorine  per  24  hours  is  as  follows  for  different 
power  rates  compared  with  liquid  chlorine: 

Making  chlorine  gas. 


KOowatt-bour  rate. 


ReDewals  of  cells  Including  depredAUoii    1^  to  -k^- 

.  (davs)    (days) I 
Power,  1^  knowatt-bours  direct  eunent  or  l{  kilowatt- 
hours  alternating  current  (80  per  cent  transformable 


eflSdancyX  for  larger  apparatus. . 
Salt,  4  pounds  at  I  oent «... 


Total 

Credit  caustic  soda.  If  poonds,  at  Si  cents. 


Maintenance  cost. 


iceut. 

Icent. 

2  cents. 

Scents.  4 cants. 

1 

Omit. 

OtHtt. 

cms. 

Omi».      OnUM. 

f 

f 

1 

1             1 

1 

2* 

I' 

3 
2 

4  1         * 

2    1            J 

3* 
4 

f 

6 

4 

7i              9 
4                4 

i 

k 

2 

S»             I 

1  The  smaller  rate  Is  for  the  larger  cells,  which  are  usually  installed  where  power  rate  is  a  minimtun;  th« 
lArger  rate  is  for  the  smaller  cells,  usoaUy  Installed  where  power  rate  is  hi^ier. 

Making  liquid  chlorine. 


PfBpreciation  and  renewals 

Chlorine 

Freight  and  cartage.. 

Total 


For  small 

instaOft- 

tions. 


Omte. 


16 


24i 


Forlarfe 
infltaftt- 

tiODS. 


CtaKi. 


1 

H 
1 


These  costs  are  considerably  less  than  for  other  methods  when  you 
consider  that  renewals  are  included. 
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For  small  consumers  of  chlorine  the  big  item  of  cost  when  using 
liquid  chlorine  is  the  cost  of  upkeep  of  the  control  apparatus.  A 
bquid  chlorine  control  apparatus  installed  costing  $600  to  $800  for 
using  1,000  pounds  of  chlorine  yearly  may  last  three  years,  or  not  as 
long  if  used  intermittently.  This  gives  a  cost  for  replacement  of  the 
control  apparatus  excluding  yearly  repairs  of  23  cents  per  pound. 

The  net  savings  per  pound  of  chlorine  by  making  chlorine  on  the 
job  in  batteries  may  be  more  than  25  cents  for  every  pound  of  chlorine 
consumed  by  the  smaller  waterworks  and  as  much  as  the  total  cost 
of  chlorine  to  the  largest  waterworks. 

Chlorine  gas,  now  a  recognized  means  of  sterilizing  water,  can  be 
produced  by  a  battery  at  a  cost  materially  below  that  of  the  liquid 
gas  including  all  maintenance  on  either  generating  or  control  equip- 
m(*nt  as  well  as  operating  costs.  The  gas  is  generated  only  as  it  is 
needed  and  no  storage  of  gas  imder  high  pressure  is  required.  The 
gas  is  removed  by  suction  as  fast  as  it  is  generated.  There  is  no  sensi- 
tive control  apparatus  exposed  to  corrosive  action  of  chlorine  gas, 
thereby  requiring  frequent  attention.  Repairs,  if  needed,  can  be 
made  by  any  mechanic  or  electrician.  The  devices  are  equally  well 
suited  for  very  small  or  lai^e  demands  for  continuous,  intermittent, 
or  emergency  use  without  deterioration. 

A  battery  can  be  used  which  is  simple,  compact,  convenient,  port- 
able, and  of  universal  apphcability. 


Program  for  vse  Next  Meeting. 

The  conference  then  discussed  in  open  forum  the  program  for  the 
next  meeting.    The  following  points  were  decided: 

1.  The  corresponding  secretary  should  ascertain  within  the  next 
60  days  from  each  committee  chairman  whether  his  committee  will 
have  a  complete  report  available  at  the  next  meeting.  Then  the 
corresponding  secretary  should  communicate  with  all  members  of 
the  conference  to  find  out  which  reports  they  are  most  interested  in 
and  which  ones  the  individual  engineers  would  be  prepared  to  discuss. 

2.  The  corresponding  secretary  should  write  each  member  to  ascer- 
tain what  special  topics  he  would  Uke  to  have  discussed,  and  which 
he  would  be  ready  to  open  the  discussion  in.  From  the  replies  the 
executive  committee  will  determine  at  least  60  days  before  the  next 
meeting  the  topics  and  reports  which  are  of  widest  interest  and 
arrange  the  program  with  names  of  engineers  leading  the  discussions. 

3.  An  effort  should  be  made  to  have  a  stenographer  at  the  meetings 
to  take  down  the  conference  transactions. 

4.  The  executive  committee  should  endeavor  to  arrange  for  one 
joint  session  with  the  State  and  Territorial  health  authorities  con- 
ference at  which  all  sanitary  engineering  subjects  are  taken  up. 
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5.  The  program  for  the  next  meeting  should  consist  of  not  more 
than  three  committee  reports,  and  the  rest  of  the  time  should  bo 
alloted  for  discussion  of  special  topics.  Definite  time  limits  should 
be  set  for  each  report  and  topic  and  adhered  to  strictly  by  the  chair- 
man and  the  members.  Copies  of  the  program  and  of  each  committee 
report  to  be  discussed  at  the  next  meeting  should  be  mailed  each 
member  at  least  30  days  before  the  next  meeting. 

WATERWORKS  OPERATORS'  CONVENTIONS. 

In  an  open  forum  the  conference  then  discussed  what  the  rarious 
States  are  doing  to  instruct  waterworks  operators  in  proper  plant 
operation. 

Mr.  E.  L.  FiLBY.  The  primary  question  I  bring  up  is  what  methods 
are  being  used  to  bring  home  the  essential  points  of  operation  detail 
necessary  to  secure  safe  water;  or,  in  other  words  how  to  educate  the 
small  plant  operator.  We  can  not  hope  to  get  our  small  plant  men 
out  to  courses  such  as  are  given  in  Texas  and  we  have  had  little 
success  in  getting  these  men  out  to  conventions  of  the  water  associ* 
ation  in  this  section.  I  am  getting  out  every  month  a  five-page 
mimeographed  letter  called  "Sewat"  in  the  interest  of  water  treat- 
ment and  sewage  disposal.  This  is  sent  free  to  every  waterworks 
man  in  the  State  and  to  others  interested.  The  men  do  not  seem 
able  to  leave  their  own  locality,  as  they  are  usually  charged  with 
the  maintenance  of  both  water  and  light  utilities.  It  is  the  small 
plant  men  that  I  am  especially  interested  in. 

Mr.  H.  F.  Feeguson.  Since  the  division  of  sanitary  engineering 
was  established  in  Illinois  there  has  been  imder  consideration  the 
holding  of  conferences  for  filter-plant  operators.  Such  conferences 
would  be  held  at  least  once  a  year  at  different  places  where  filter 
plants  are  in  service  so  that  any  instruction  or  discussion  might  be 
illustrated  by  inspections  to  the  filter  plants. 

The  division  was  only  established  in  the  early  part  of  1916  and  the 
war  interfered  with  carrying  out  the  contemplated  plans.  Follow- 
ing the  war  and  the  return  of  several  members  of  the  staff  from  miU- 
tary  service  the  division  has  experienced  the  loss  of  the  chief  engineer 
and  some  other  members  of  the  staff,  and  thus  the  holding  of  the 
contemplated  conferences  was  again  delayed.  I  have  been  very 
interested  in  reviewing  the  printed  records  of  the  conference  held  in 
Ohio  and  am  hoping  that  Illinois  can  carry  out  a  similar  conference 
which  has  been  now  under  consideration  for  several  years. 

Mr.  S.  PiNCUS.  The  first  convention  of  Connecticut  waterworks 
oflScials  was  held  in  Hartford,  Conn.,  on  April  18  under  the  auspices 
of  the  State  sanitary  engineering  division.  About  100  persons  were 
in  attendance,  mostly  waterworks  superintendents.    As  there  are 
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Teiy  few  filtration  plants  in  that  State,  the  discussions  were  princi- 
pally concerning  stored  waters.  Special  interest  was  shown  in 
methods  for  the  protection  of  watersheds,  analytical  control,  and 
algae  treatment.  The  success  of  the  conference  was  indicated  by  the 
vote  to  make  it  an  annual  event  and  to  have  the  proceedings  printed 
at  the  expense  of  the  waterworks  officials. 

I  wish  to  point  out  that  such  State  conferences  of  waterworks 
officials  should  not  be  narrowed  down  to  filter-plant  operators  or 
discussions  solely  on  the  treatment  of  water,  but  should  rather  include 
technical  directors  or  supervising  officials  from  each  of  the  local 
waterworks  and  take  up  all  sanitary  problems,  large  and  small, 
relating  to  waterworks  practice. 

Mr.  H.  E.  Miller.  A  waterworks  superintendents'  convention 
was  organized  in  North  Carolina  last  year  as  a  State  section  of  the 
American  Waterworks  Association.  A  very  successful  meeting 
was  held  last  year,  and  the  enthusiasm  is  growing  fast  for  the  con- 
vention, which  will  be  held  this  year  beginning  November  14.  We 
have  given  every  possible  assistance  to  this  convention,  feeling 
that  operation  could  be  greatly  improved  by  the  contact  that  super- 
intendents and  plant  operators  would  make  with  one  another. 
We  have  found  it  successful  beyond  our  fondest  expectations.  Our 
superintendents  are  now  writing  circular  letters  to  all  the  other 
superintendents  creating  a  greater  interest.  We  multigraph  and 
prepare  all  correspondence.  We  thus  check  and  censor.  The  main 
problems  of  operation  are  covered  in  selected  papers  presented  by 
selected  men.  We  help  prepare  the  papers  dealing  with  treatment 
and  allied  subjects.  We  thus  get  before  the  men  the  desired  informa- 
tion, but  it  comes  from  a  superintendent  or  operator  and  can  not 
be  classed  as  propaganda. 

Mr.  L.  A.  Geupel.  Each  year  there  is  held  a  three-day  meeting 
of  the  Indiana  Sanitary  and  Water  Supply  Association  whereby 
all  phases  of  waterworks'  operation  are  tdcen  up  in  papers  and 
open-forum  discussion.  At  the  last  meeting  in  March  there  were 
150  members  present  and  an  excellent  program  was  given.  Con- 
siderable time  is  given  in  general  open  meeting  on  plant  operation, 
which  is  interesting  to  the  water-plant  superintendents. 

Mr.  Dittoe  spoke  of  the  recent  Ohio  Water  Works  Conference  and 
the  interest  created  among  the  State  waterworks'  operators  since 
the  meeting. 

Mr.  C.  A.  Emerson,  Jr.  Mr.  Miller  and  Mr.  Dittoe  have  perfected 
two  different  types  of  associations  and  each  seems  to  have  its  merits. 
There  is  one  point  in  common,  and  that  is  a  desire  to  have  the  water- 
works men  feel  that  their  personal  interests  and  benefits  constitute 
the  only  reason  for  existence  of  the  organization.    We  have  in 
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Pennsylvania  an  independent  waterworks  association.  It  is  a 
going  organization  financed  by  waterworks  men.  They  have  their 
annual  meetings  and  these  are  well  attended.  The  subjects  under 
discussion  are  varied,  including  the  financial  as  well  as  scientific 
features  of  waterworks  operation,  and  I  believe  that  if  such  an 
organization  could  be  perfected  in  all  of  the  States  it  would  be  of 
benefit. 

Doctor  Frost  spoke  on  the  program  of  the  stream  pollution 
studies  of  the  United  States  Public  Health  Service  which  include: 
(1)  Study  of  biochemistry  and  bacteriology  of  sewage;  (2)  study  of 
pollution  m.  tidal  waters;  (3)  study  of  Ohio  River  pollution.  He 
stated  that  there  are  three  ways  of  judging  the  pollution  of  a  stream: 
(a)  By  a  sanitary  survey;  (i)  by  bacteriological  and  chemical  analy- 
ses; (c)  by  epidemiological  evidence.  From  the  volume  of  flow  of  a 
river  and  the  population  contributing  sewage,  an  estimate  of  the 
extent  of  pollution  at  a  point  can  be  obtained.  The  Ohio  River 
investigation  was  made  to  determine  the  extent  of  pollution  at  vari- 
ous points.  It  was  found  that  the  total  amount  of  industrial  wastes 
in  the  Ohio  River  was  considerably  in  excess  of  the  amount  of  sewage 
from  the  population.  Studies  were  made  at  Cincinnati  on  the  num- 
ber of  bacteria  per  capita  per  day  in  human  feces.  It  has  been  found 
\  result  of  these  studies  that  it  is  possible  to  estimate  reasonably 

./se  the  degree  of  bacterial  pollution  at  various  points  in  the  Ohio 
diver  at  a  certain  date.  The  report  on  the  Ohio  River  investigation 
will  be  printed  this  fall.  Messrs.  Pearse,  Jordan,  and  Forbes  form 
an  advisory  board  to  the  Public  Health  Service  for  stream-pollution 
studies  in  the  future.  Further  study  will  be  made  on  the  relation 
between  raw  water  and  effluents  from  waterworks  plants. 

IMHOFF  TANK  PATENTS. 

Mr.  Emerson,  in  a  discussion  of  Imhoff  tank  patent  ro^'alties, 
stated  it  was  the  consensus  of  opinion  of  members  of  the  conference 
that  it  was  not  the  poUcy  of  State  health  departments  to  collect 
Imhoff  tank  patent  royalties  or  to  assist  in  their  collection.  Upon 
request  from  the  Chemical  Foundation  for  a  list  of  sewage  treatment 
works  in  each  State,  the  State  health  departments  would  send  such 
lists  as  available  as  a  matter  of  public  information.  If  the  Chemical 
Foundation  desii-es  to  donate  a  certain  sum  for  research  in  sewage 
treatment  and  disposal,  such  a  donation  will  be  considered  the  same 
as  any  other  donation  for  scientific  research  and  should  have  no 
qualifications. 

Mr.  C.  N.  Harrub.  I  do  not  feel  that  it  can  in  any  way  be  con- 
sidered within  the  province  of  the  division  of  sanitary  engineering  of 
a  State  board  of  health  to  assist  the  Chemical  Foundation  in  collectin«: 
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royalties  on  Imhoflf  tank  patents,  but  upon  request  the  State  board 
of  health  should  furnish  a  list  of  sewage-treatment  plants  in  the 
State.  I  hare  already  sent  the  Chemical  Foundation  a  list  of  such' 
plants  as  we  have  on  record.  I  concur  in  the  opinion  expressed  by 
oar  chairman. 

Mr.  Dittoe  also  expressed  his  agreement  and  made  a  motion,  which 
was  seconded  and  carried,  that  the  corresponding  secretary  write  the 
Chemical  Foundation  that  it  is  the  opinion  of  the  Conference  of  State 
Sanitary  Engineers  that  when  the  Chemical  Foundation  is  ready  to 
consider  research  work  in  sewage  treatment  and  disposal,  and  sets  aside 
a  certain  simi  without  qualifications  for  such  investigation,  the  con- 
ference will  be  pleased  to  appoint  a  committee  to  confer  with  the 
foundation  as  to  the  extent  of  the  research  work  and  the  problems 
to  be  investigated. 

Mr.  Bair  made  a  motion,  which  was  seconded  and  carried,  that  the 
State  sanitary  engineers  should  render  no  assistance  or  give  infor- 
mation in  the  collection  of  Imhoff  tank  patent  royalties,  except  such 
information  as  they  have  on  record  in  public  files. 

SHIPMENT  OF  WATER  SAMPLES. 

Mr.  Harrub  then  discussed  the  matter  of  shipment  of  water  samples 
according  to  Tennessee  experience.  He  described  a  new  container 
being  used  by  him,  a  two-walled  case  with  suspended  can,  based  on 
the  vacuum  freezer  plan,  each  container  weighing  about  15  pounds, 
including  ice  and  water  sample.  He  believed  each  container  would 
cost  about  $10.  if  purchased  singly,  but  that  he  hoped  the  price  could 
be  reduced  to  about  $7.50  when  purchased  in  50  or  100  case  lots. 
He  stated  that  in  Tennessee  it  is  found  necessary  to  ice  samples  sent 
in  from  a  large  part  of  the  State.  Many  sections  require  more  than  24 
hours  to  get  samples  to  the  laboratory,  and,  unless  iced,  the  analyses 
are  sometimes  misleading.  On  account  of  the  fact  that  the  standard 
practice  has  been  to  ice  samples,  he  believes  it  is  also  desirable 
to  ice  the  samples,  at  least  until  it  has  been  definitely  shown 
by  comparative  analyses  that  imder  24  hours  there  is  no  appreciable 
change  in  the  water.  He  believes  that  field  plating  will  ultimately 
be  the  method  employed  by  State  boards  of  health,  but  until  that 
time  arrives  some  States  will  be  obliged  to  ice  samples  sent  to  the 
laboratory. 

Mr.  Dittoe  raised  the  question  of  advisability  of  icing  samples 
which  are  less  than  24  hours  in  transit. 

Mr.  L.  A.  Geupel.  The  State  of  Indiana  uses  a  box  contaiuer  ap- 
proximately 5  by  15  by  15  inches,  in  the  center  of  which  is  a  bmlt- 
ap  galvanized  iron  ring.  This  ring  holds  the  galvanized  can  in  posi- 
tion.    Inside  the  galvanized   can   the  sterilized   bottle   is   placed. 
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The  water  and  sewage  department  uses  two  types.  The  above- 
named  is  termed  the  ''  chemical/'  which  furnishes  the  laboratory  with 
sufficient  water  to  make  a  sanitary  chemical  and  bacteriologicftl 
analysis.  Where  the  source  of  supply  is  known,  namely,  public,  the 
''bacteriological"  container  is  sent,  which  is  5  by  15  by  15  inches, 
with  compartments  for  the  small  bactenological  cans  holding 
small  bottles.  All  containers  must  be  iced  properly.  Accompanying 
each  container  is  a  mailing  envelope  containing  full  instructions  how 
to  take  samples  and  blank  spaces  for  information  desired.  There 
are  no  charges  made  for  analyses,  the  applicant  agreeing  to  pay  the 
express  charges  to  and  from  the  laboratory.  The  water  and 
sewage  department  laboratories  operated  by  the  department  make 
about  3,000  analyses  annually  and  have  had  no  trouble  from  con- 
tainers. 

Mr.  H.  V.  Pedersen.  The  Iowa  State  Board  of  Health  laboratories 
are  located  at  the  State  University  at  Iowa  City  and  all  samples  of 
water  collected  must  be  sent  there  for  analysis.  When  anyone  in  the 
State  wishes  to  have  a  certain  source  of  water  supply  tested,  they  are 
requested  to  write  to  the  chief  of  the  water  laboratories,  who  sends 
them  a  container  together  with  instructions  as  to  how  to  coUect  the 
sample.  A  fee  of  SI  is  required  by  the  l^islature  for  every  sample 
analysed. 

The  container  consists  of  a  pint  glass,  glass-stoppered  bottle  that  fits 
snugly  into  a  galvanized-iron  jacket.  Two  bottles  with  their  jackets 
are  then  generally  placed  in  a  wooden  box  1  foot  square  where 
ample  room  for  ice  and  straw  is  provided.  It  is  very  seldom  that 
any  bottles  are  broken  during  transit. 

If  any  question  arises  as  to  the  correctness  or  fairness  of  the 
analysis,  due  to  the  length  of  time  the  sample  was  in  transit,  or 
method  of  collection,  a  second  sample  is  required  with  request  that 
more  care  be  taken.  YThen  water  samples  prove  unsatisfactory,  a 
survey  is  generally  made  by  the  engineer  of  the  State  board  of  health, 
who  then  gives  an  interpretation  to  the  analysis.  Due  to  the  lack  of 
personnel  it  is  not  possible  for  the  engineer  of  the  board  to  inspect  all 
water  supplies  that  are  reported  as  ''suspicious"  and  an  attempt  is 
made  only  to  go  to  the  places  from  which  a  written  request  has 
been  received. 

In  order  to  facilitate  matters  of  water  collection  and  analysis 
in  questionable  cases  the  State  board  of  health  has  authorized  a 
niunber  of  private  laboratories  in  the  State  to  analyze  water.  These 
laboratories  must  meet  certain  requirements  and  all  their  work  along 
this  line  must  be  reported  to  the  chief  of  the  State  laboratory.  Tliis 
not  only  keeps  many  private  concerns  from  doing  work  that  the 
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St4ie  has  no  check  on  but  also  brings  laboratories  nearer  to  the  fidd 
if  any  legal  question  should  arise  as  to  the  fairness  of  the  test. 

There  is  the  very  best  possible  cooperation  between  the  engineer 
of  the  State  board  of  health  and  the  chief  of  the  water  laboratories, 
and  in  view  of  the  fact  that  there  are  so  many  limitations  to  our 
department,  we  feel  that  we  have  worked  out  a  very  satisfactory 
method. 

Mr.  H.  A.  Whtttakiqe.  The  policy  of  a  State  board  or  depart- 
ment of  health  receiving  samples  from  various  sources  throughout 
the  State  on  which  they  make  analyses  and  report  back  to  the  owner 
of  the  supply  is,  in  my  opinion,  a  very  dangerous  one.  Invest%a- 
tions  by  the  Minnesota  State  Board  of  Health  covering  730  unsatis- 
factory sources  have  shown  that  if  water  supplies  are  to  be  judged 
only  from  an  analytical  point  of  view,  46  per  cent  of  the  uns^e  sup- 
plies would  have  been  overlooked.  On  the  other  hand,  it  frequently 
happens  that  unsatisfactory  analytical  results  are  obtained  on  exist- 
ing water  supplies  which  are  satisfactory  in  so  far  as  their  location, 
construction,  and  operation  are  concerned,  and  the  analytical  results 
should  not  permanently  condemn  the  supply.  I  believe  that  no 
opinion  should  be  given  by  a  State  board  or  department  of  health 
on  any  existing  water  supply  without  a  complete  field  survey,  to- 
gether with  the  necessary  analytical  examinations,  and  that  the 
investigation  work  should  be  done  by  a  competent  person.  If  com- 
plete information  is  obtained,  it  is  possible  to  place  the  proper  valua- 
tion and  interpretation  on  the  data  collected  through  the  field  sur- 
vey and  the  laboratory  examinations,  and  this  data  constitutes  a 
basis  on  which  recommendations  can  be  offered  to  correct  any  exist- 
ing defects  which  may  be  found.  This  opinion  is,  I  believe,  generally 
accepted  by  all  sanitary  engineers,  but  it  seems  that  certain  States 
feel  that  it  is  necessary  to  continue  the  examination  of  samples  of 
water  because  they  fear  the  results  of  a  change  of  policy.  It  is  my 
opinion  that  the  sooner  the  facts  are  brought  to  the  people  and  the 
policy  changed  the  better  the  public  will  be  served.  These  few 
statements  by  no  means  cover  the  arguments  against  the  practice 
referred  to  in  this  discussion,  but  are  merely  presented  for  consid- 
eration. 

Mr,  C.  A.  Emerson,  Jr.  In  most  coiu*t  cases  of  which  I  have 
knowledge  th'e  question  has  been  raised  as  to  whether  the  samples 
jvhen  analyzed  at  the  laboratory  were  representative  of  the  water  as 
collected.  Furthermore,  irrespective  of  court  cases,  is  it  not  necep- 
jary  that  when  an  engineer  reads  the  laboratory  report  he  should  be 
reasonably  sure  that  he  has  a  correct  basis  on  which  to  judge  the 
purity  of  the  supply  ?    Does  not  this  mean  that  in  the  future  we  are 
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going  to  turn  more  and  more  to  field  plating  of  water  samples  or  to 
the  use  of  a  traveling  laboratory  which  can  be  sent  into  the  field  to 
make  bacteriological  examinations ) 

Mr.  Harrub's  container  appears  to  have  merit  and  I  hope  will 
prove  to  be  all  that  he  feels  it  is.  Its  use  is  rather  expensive,  but  it 
would  not  be  so  expensive  as  field  plating  or  a  laboratory  truck. 
With  Mr,  Harrub's  permission,  we  will  secure  some  of  these  con- 
tainers and  give  them  a  thorough  trial  in  our  State. 

COLLECTION  OF  WATER  SAMPLES. 

Mr.  H.  A.  WHirTAKER.  The  Minnesota  State  Board  of  Health  has 
for  a  period  of  approximately  20  years  required  that  all  samples  for 
examination  be  collected  by  its  own  representatives.  The  sampla 
are  collected  in  the  field  and  the  bacteriolo^cal  examination  is 
started  in  the  field.  A  description  of  the  field^equipment  which  is 
used  in  the  collection  of  these  samples  can  be  found  in  Public  Health 
Reports,  volume  29,  No.  20,  May  15,  1914.  Certain  changes  have 
been  made  to  improve  the  field  outfits  described  in  that  report,  and 
detailed  information  concerning  these  changes  will  be  gladly  given 
on  request. 

Mr.  Emerson  stated  that  water  samples  can  be  collected  satisfac- 
torily by  local  health  officers  who  have  been  carefully  instructed  as 
to  the  proper  methods  of  sampling  and  the  information  to  be  for- 
warded on  cards  with  the  samples.  Mr.  Emerson  also  stated  that 
it  is  not  the  proper  function  of  State  health  department  laboratories 
to  make  analjrses  of  water  of  any  private  well  when  any  request  is 
received.    This  view  was  concurred  in  by  the  conference. 

Mr.  H.  F.  Ferguson.  Illinois,  besides  being  an  important  industrial 
and  commercial  State,  is  an  important  agricultural  State,  and  tbns 
there  are  many  private  wells  on  farms  and  in  rural  communities. 
The  State  department  of  health,  therefore,  considers  that  it  would 
be  imfair  to  the  owners  of  these  private  wells  to  adopt  the  policy 
prevailing  in  Minnesota  and  not  make  analyses  of  the  samples  of 
water  from  private  wells.  Wo  should  prefer,  of  course,  not  to  make 
analyses  of  samples  from  any  wells  that  can  not  be  inspected  by  one 
of  oiu*  sanitary  engineers  or  analysts,  but  since  it  is  entirely  out  of 
the  question  to  thus  inspect  all  the  private  wells  in  a  State  as  larg« 
as  Illinois,  we  do  the  next  best  thing  and  require  that  we  be  furnished, 
on  a  suitable  blank  form,  complete  information  of  the  wells  and 
a  sketch  showing  the  surroimdings.  We  will  not  send  containers  for 
the  collection  of  samples  imtil  such  information  has  been  received^ 
except  at  times  to  health  officers  whom  we  know  will  make  proper 
inspections  of  the  wells  and  supply -the  department  with  necessarr 
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iaformation  before  the  analysis  has  been  completed  and  b  ready  to 
be  reported. 

Instruction  sheets  have  been  developed  which  not  only  explain 
in  words  how  to  collect  samples  to  prevent  contamination  but  contain 
Ulostrations  along  the  margins  opposite  the  text  which  show  visually 
how  to  hold  the  sample  bottles.  In  order  to  have  the  information 
dbont  a  well  on  a  single  sheet  if  possible,  we  ask  that  the  sketch 
showing  the  well  surroundings  be  made  on  the  back  of  the  blank 
form  for  recording  the  construction,  etc.,  of  the  well.  On  the 
upper  part  of  the  back  of  this  sheet  a  sample  sketch  is  printed,  and 
we  have  foimd  that  with  this  sample  sketch  as  a  guide  the  persons 
submitting  the  samples  genially  give  fairly  clearly  all  information 
desired. 

We  do  not  consider  that  we  are  giving  much  help  to  the  owners 
of  wells  if  we  simply  state,  on  the  basis  of  the  analyses,  whether  the 
wells  are  safe  or  not  safe.  Instead  of  such  brief  stat^nents,  if  a 
particular  analysis  shows  satisfactory  results,  but  the  information 
about  the  well  and  the  sketch  show  that  the  well  is  subject  to  possible 
contamination,  we  call  that  fact  to  the  attention  of  the  owner  and 
advise  that  the  well,  under  the  existing  conditions,  is  not  a  safe 
source  of  water  supply,  regardless  of  the  result  of  a  single  analysis. 
If  the  results  are  not  satisfactory,  we  endeavor  to  state,  on  the  basis 
of  the  information  submitted  about  the  well,  the  possible  cause  of 
the  contamination,  and,  what  is  of  most  importance,  we  indicate 
how  the  well  can  be  altered  and  improved  to  make  it  a  safe  source  of 
water  supply  and  at  times  recommend  that  the  well  be  entirely 
abandoned  and  a  new  well,  more  properly  constructed  and  located, 
installed. 

We  have  found  methods  we  have  adopted  in  Illinois  to  be  quite 
satisfactory,  and  we  believe  that  we  have  been  able  to  advise  quite 
satisfactorily  regarding  private  wells,  even  thoUgh  the  inspections 
are  not  made  by  members  of  the  staff  of  the  department,  and  we 
consider  that  we  are  giving  the  farmers  and  persons  residing  in 
rural  communities,  who  must  be  dependent  on  private  wells  as 
sources  of  water  supply,  a  service  to  which  they  are  entitled  if  the 
department  of  health  gives  similar  service  regarding  water  supplies 
to  persons  living  in  cities. 

Mr.  C.  N.  Habbub.  There  is  no  doubt  that  the  ideal  way  is  for 
State  health  department  representatives  to  coUect  and  forward  all 
water  samples.  This  is  impossible  in  some  of  our  States  on  account 
of  lack  of  personnel  and  lack  of  funds.  In  Tennessee  we  are  obliged 
to  rely  on  the  local  authorities  to  a  considerable  extent  and  sometimes 
on  unskilled  personnel  of  a  water  department  to  collect  and  send  sam- 
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pies.  Instructions  are  sent  with  each  sterile  bottle,  telling  how  to 
collect  and  ship  the  sample,  and  wherever  possible  a  demonstration  in 
collecting,  packing,  and  shipping  is  given  before  the  local  parties  do 
any  sampling  by  themselves. 

Mr.  DiTTOE.  I  believe  that  the  interpreter  of  analytical  results 
should  be  thoroughly  acquainted  with  local  conditions,  and  that  wi^n 
reports  are  issued  on  samples  alone  that  the  statement  should  spe- 
cifically mention  that  the  sample  of  water  is  safe  or  not.  Generallv 
the  collection  of  samples  by  local  officials  is  imsatisf  actory,  and  unless 
such  local  officials  are  trained  in  water-sampling  procedure  the  re- 
sults of  analjrses  are  of  doubtful  value.  In  order  to  be  certain  of  the 
value  of  the  findings,  it  is  usually  necessary  for  the  State  health  de- 
partment to  collect  as  well  as  examine  samples  of  water. 

Mr.  Dittoe  told  of  the  polluted  well-water  supply  at  Youngstown. 
Ohio,  some  time  ^o,  and  how  the  reporting  of  the  purity  of  the  water 
based  on  bacteriolc^ical  results  alone  gave  false  security. 

Mr.  H.  E.  Miller.  The  North  Carolina  statute  requires  that  sam- 
ples of  water  from  public  water  supplies  be  submitted  to  the  State 
laboratory  of  hygiene  once  a  month  for  analysis.  These  samples  are 
collected  by  the  plant  su{>erintendent  and  in  some  instances  by  tbe 
local  health  officer.  Water  from  private  supplies  is  analyzed  by  the 
laboratory  when  submitted  with  a  physician's  certificate  that  the 
water  is  suspected  as  being  injurious  to  public  health.  Additionil 
samples  are  collected  by  representatives  of  the  bureau.  It  has  not 
been  the  practice  in  the  past  to  send  samples  in  ice.  Iced  containerp 
are  now  being  tried  out  by  the  laboratory.  The  result  of  this  exper- 
ience  will  probably  be  available  by  the  time  of  the  next  conference. 

AUTO  TOURIST  PROBLEM. 

Mr,  C.  A.  Emerson,  Jr.  Many  of  you  feel  that  the  auto-toun^s 
problem  is  one  not  worthy  of  notice  by  the  Northern  States,  but  con 
sider  for  a  moment  that  practically  all  of  these  tourists  headed  toward 
the  Southern  States  pass  through  several  other  States,  and  that  if  th^v 
are  planning  to  camp  in  the  South  after  reaching  their  destinatios 
they  undoubtedly  will  camp  along  the  liighways  en  route. 

In  Pennsylvania  the  forestry  department  and  a  number  of  the  mu- 
nicipalities have  provided  free  camping  sites.  We  propose  to  exar: 
ine  the  water  supply  and  the  toilet  facilities  at  these  sites.  In  fa^' 
w'e  have  already  started  on  this  work  and  generally  find  that  the  ^^ 
ganizations  providing  the  sites  are  willing  and  anxious  to  do  what  d 
necessary  to  make  them  safe  for  use. 

Aflother  type  of  camping  site  which  I  feel  will  be  more  troublesoir 
is  the  tract  of  ground  adjoining  the  roadside  refreshment  stand.     T" 
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proprietor,  hoping  to  sell  supplies,  welcomes  overnight  stops  by  the 
totuist,  but  if  he  were  to  provide  water  supply  and  toilet  facilities  as 
he  should,  it  is  probable  that  his  profits  would  disappear. 

PATENTED  SEPTIC  TANKS. 

Mr.  Dittoe  spoke  regarding  the  wide  variety  of  patented  septic 
tanks  on  the  market  and  the  unsatisfactory  experiences  whidi  fre- 
quently result  from  use  of  such  devices. 

Mr.  H.  F.  Ferouson.  We  have  had  the  same  experience  in 
Illinois  as  in  other  States  with  the  numerous  ''types"  of  septic  tanks, 
for  many  of  which  exaggerated  claims  are  made  by  the  manufacturers 
or  distributors.  We  have  received  frequent  requests  from  residents 
of  Illinois  for  comment  on  different  makes  or  types,  and  in  order  to 
save  time  in  answering  such  requests  and  also  to  state  clearly  our 
ideas  on  septic  tanks,  a  bulletin  was  prepared  entitled  ''Sewage 
Disposal  for  the  Farm  Home,"  which  describes  a  simple  septic  tank 
and  discusses  what  septic  tanks  will  and  will  not  do. 

Mr.  H.  A.  Whtttaker.  The  attention  of  the  conference  is  drawn 
to  the  fact  that  very  little  can  be  done  to  discourage  manufacturers 
of  sewage-treatment  plants  for  private  residences  requesting  official 
approval  of  the  State  boards  and  departments  of  health  imtil  health 
officials  cease  the  practice  of  writing  testimonials  for  these  concerns 
which  are  used  in  their  advertising  material.  Advertising  material 
has  reached  the  Minnesota  State  Board  of  Health  containing  a 
written  testimonial  over  the  signature  of  at  least  one  of  the  State 
health  officers.  This  is  a  subject  on  which  a  definite  policy  should  be 
formulated  h^  the  conference. 

Mr.  F.  C.  DuGAN.  The  Kentucky  State  Board  of  Health  has 
given  its  approval  to  certain  septic  tanks  on  the  market,  but  it  has 
felt  that  these  approvals  should  be  withdrawn  and  only  given  for 
specific  installations  when  plans  were  submitted. 

It  was  also  its  opinion  that  the  Conference  of  State  Sanitary 
Engineers  should  make  a  study  of  all  the  various  types  of  sewage 
disposal  for  private  homes  and  report  as  to  the  best  methods. 

Mr.  C.  A.  Emerson,  Jr.  In  company  with  the  other  States,  Penn- 
sylvania has  been  favored  by  the  vendors  of  septic  tanks.  We 
have  not  passed  any  regulations  covering  the  use  of  such  tanks  and 
hope  it  will  not  be  necessary,  but  we  have  written  scores  of  letters 
to  prospective  pm^chasers  who  have  asked  our  advice.  We  have 
told  them  the  truth,  stating,  among  other  things,  that  the  effluent 
from  a  septic  tank  is  not  "almost  pure  water  which  can  be  discharged 
into  a  roadside  ditch,"  and  also  have  tried  to  explain  as  to  the  proper 
length  of  tile  which  they  will  probably  need. 
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Mr.  Dittoe  moved  that  the  executive  committee  appoint  a  sub- 
committee to  report  on  the  fundamentals  of  proper  chemical  tanks, 
septic  toilets,  and  nitrifying  tanks  and  accessories.  This  motion  was 
seconded  and  carried. 

A  motion  was  made  by  M%  Ferguson,  seconded,  and  carried  that 
the  corresponding  secretary  send  out  a  letter  ballot  to  each  member 
for  the  election  of  two  members  of  the  executive  committee  who  are 
to  be  chosen  for  the  present  year.  The  two  members  are  to  be  elected 
from  tiie  following  names  which  were  placed  in  nomination:  Messrs- 
Tisdale,  Jackson,  Miller,  and  Ferguson.  The  two  men  getting  the 
highest  votes  will  be  declared  elected. 

The  conference  then  adjourned  at  12.30  p.  m. 
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FOREWORD." 


Elxtent  of  Malnutrition. 

MALNUTRITION  is  a  term  commonly  used  to  describe  the 
condition  of  a  child  who  is  not  developing  property  .*  Studies 
made  in  various  sections  of  the  country  indicate  that  there 
is  a  serious  amount  of  malnutrition  among  the  children  of  any  area 
in  which,  for  several  years,  there  have  not  been  systematic  efforts  to 
correct  it.  It  is  estimated  by  competent  authorities  that  at  least  20 
per  cent  of  the  school  children  in  our  country  are  so  much  imder 
average  weight  as  to  suggest  the  possibility  that  they  are  physically 
subnormal.  Some  persons  believe  that  this  estimate  should  be  in- 
creased to  33  per  cent' or  more.  Malnutrition  does  not  appear  to  be 
confined  to  any  one  race  or  class,  for  studies  made  in  some  cities  have 
shown  it  to  be  ipore  extensive  in  the  families  of  the  well  to  do  than 
in  those  of  more  limited  means. 

Health  Education  as  a  Preventive  Measure. 

Intensive  health  supervision  and  corrective  measures  for  this 
subnormal  group  are  essential,  but  sound  common  sense  points  to  the 
necessity  of  measures  which  will  prevent  many  of  the  conditions 
causing  malnutrition.  A  well-balanced  piece  of  preventive  work 
will  include  a  thoroughgoing  program  of  health  education  in  the 
schools.  It  will  also  include  energetic  efforts  to  get  parents  to 
cooperate,  reaching  in  this  way,  not  only  school  children,  but  children 
under  school  age.  Preventive  work  with  the  preschool  child  should 
be  strongly  emphasized,  for  it  is  during  the  early  years  of  a  child's 
life  that  it  can  be  most  effective. 

Children  of  school  age  usually  may  be  reached  most  easily  by  the 
school;  to  reach  those  under  school  age  is  more  difficult  and  each 
community  should  give  careful  thought  to  the  best  methods  of 
dealing  with  the  preschool  group. 

Corrective  measures  shonld  be  used  only  for  those  children  who,  in  the 
judgment  of  the  physician^  need  more  careful  supervision  than  can  be 
given  in  a  general  preventive  program. 

Better  Training  for  Health  and  Nutrition  Work. 

If  school-teachers  are  to  do  sound  health  work,  it  is  essential  that 
normal  schools  offer  adequate  training  in  health  education,  with 
appropriate  emphasis  on  food  in  its  relation  to  the  growth  of  children 


•  For  list  of  members  of  Advisory  Committee  see  p.  33. 

'  SeeappcndJji  for  statement  giving  a  definition  of  malnuttltion,  standards  for  its  identification,  character, 
isiic  signs  «f  Improvement,  and  causes. 
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and  the  influence  of  physical  defects  on  nutrition.  It  is  also  impor- 
tant that  medical  and  nursing  schools  shall  give  training  in  nutrition 
from  the  standpoint  of  preventive  dietetics. 

Home  economics  courses  should  put  proper  emphasis  on  nutrition 
as  related  to  health.  The  supervisor  of  home  economics  in  the  school 
system  is  the  logical  person  to  plan  and  supervise  the  nutrition  work 
in .  the  ^chools^  but,  unfortunately,  in  many  instances  she  has  had 
too  little  training  in  the  factors  that  contribute  to  malnutrition,  or 
has  too  little  time  to  give  to  the  work.  Her  training  should  fit  her 
for  the  work  in  its  most  modem  aspect  and,  if  necessary,  her  schedule 
shoiild  be  reorganized  so  that  her  services  may  be  available;  her 
contacts  should  not  be  confined  to  a  few  girls  in  the  cookery  labora- 
tory. 

Suggesti(»i8  Adaptable  to  Small  and. Large  Cities. 

The  following  suggestions  are  intended  to  suit  conditions  in  a  city 
of  25,000  to  30,000  inhabitants,  because  a  community  of  this  size 
often  presents  some  of  the  serious  urban  problems  found  in  larger 
places.  Measures  for  such  a  city  should  be  easily  adapted  for  use  in 
larger  places  and  at  the  same  time  be  usefiil  and  suggestive  in  smaller 
places,  even  in  coimtry  districts.  To  be  successful  in  rural  com- 
mimities,  however,  work  must  differ  fundamentally  in  certain  par- 
ticulars from  that  done  in  towns  or  cities  and,  consequently,  some 
suggestions  concerning  the  conduct  of  nutrition  work  in  country 
districts  have  been  added. 

Classes  of  Work  Included. 

1.  Preventive  nutrition  work  which  should  be  a  part  of  a  program 
of  health  education  for  aU  normal  children '  of  school  age. 

2.  Corrective  work  for  school  children  who  are  physically  sub- 
normal and  in  need  of  special  attention. 

3.  Nutrition  work  with  children  under  school  age,  both  normal 
and  subncMTnal. 

Nutrition  Work  a  Part  of  a  Community  Health  Program. 

Nutrition  work  should  be  conducted  as  a  part  of  the  general 
health  work  of  the  community  and  should  in  no  case  be  promoted 
to  the  detriment  of  its  other  legitimate  activities.  If  there  is  a  gen- 
eral commimity  health  program  such  parts  of  the  following  plan 
may  be  incorporated  as  will  not  cause  duplication.  If  there  is  no 
such  program,  then  the  one  here  presented,  modified  to  suit  each 
conununity,  may  be  used  as  a  guide  and  as  an  initial  step  leading  up 
to  a  general  health  plan. 

*  The  general  health  education  program  has  not  been  dealt  with  at  any  length  because  the  Nfttiaotl  O^ 
Health  Council's  Advisory  Committee  on  Health  £ducati(xi  has  covered  that  subject  in  another  i*P<^ 
See  XJ.  S.  Bureau  of  Education,  Health  Studies  No.  1.  1922 


PRELIMINARY  WORK  IN  THE  COMMUNITY. 

AROUSE  COMMUNITY  INTEREST  IN  THE  MALNOUR- 
ISHED CHILD. 

• 

THE  community  should  be  aroused  to  interest  in  the  malnourished 
child.  This  may  be  done  through  forceful,  well-qualified 
speakers;  exhibits  that  show  the  amoimt  and  seriousness  of 
malnutrition,  and  the  results  that  have  been  accomplished  through 
well-planned  programs;  articles  in  magazines;  moving  pictures; 
health  plays,  parades,  pageants,  and  dramatizations;  posters  and 
window  displays. 

Speakers  and  exhibit  material  often  may  be  obtained  from  the 
sources  listed  below  and  from  those  included  in  the  appendix.  As  a 
role  speakers  from  such  sources  prefer  to  discuss  child  health  in 
general,  considering  malnutrition  as  one  phase  of  the  subject. 

State  departmetits  of  health  and  public  welfare. 

Extension  departments  of  State  universities,  agricultural  colleges, 
and  normal  schools. 

School  authorities  of  city,  county,  and  State. 

Parent-teacher  organizations. 

Local  or  State  tuberculosis  or  other  health  societies. 

Other  organizations.     (See  appendix.) 

There  are  usually  a  number  of  local  organizations  whose  interest 
may  and,  if  possible,  should  be  enlisted  to  sponsor  the  movement. 
For  permanency,  such  work  shoiild  be  organized  with  agencies  best 
fitted  to  develop  it  steadily  and  continuously.  A  list  of  some  of 
these  organizations  includes: ' 

Board  of  health.  Churches. 

Medical  society.  Libraries. 

School  board.  Chamber  of  commerce. 

Red  Cross  chapter.  Rotary  Club. 

Tuberculosis  association.  Kiwanis  Club. 

Parent-teacher  association.  The  Lions. 

Women's  clubs.  Civic  leagues. 

Infant-welfare    and    visiting  Citizen^s  associations, 

nurse  associations.  Trade-unions. 

Association     of     university  The  grange, 
women. 

Settlements  and  social  wel- 
fare agencies. 


•  In  mancr  commoniUes  some  of  these  organizatioos  will  not  be  found. 
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DEVELOP  LOCAL  LEADERSHIP  FOR   THE  CAMPAIGN, 

To  be  most  eflFective  the  campaign  should  have  the  backing  of 
some  or  all  of  Ihe  organizations  listed  in  the  preceding  paragraph 
A  central  conmxittee  might  well  be  formed  of  their  representatives. 
The  interest  and  cooperation  of  prominent  private  individuals  also 
should  be  enlisted  wherever  possible.  The  central  committee  should 
be  an  integral  part  of  the  public-health  organization  of  the  com-' 
mimity,  with  whose  program  its  work  should  be  correlated. 

USE  EXISTING  MACHINER  Y  TO  CARR  Y  ON  THE  WORK. 

If  appropriate  means  for  conducting  the  work  already  exist,  it  is 
important  that  such  machinery  be  used.  A  thorough  survey,  thwe- 
fore,  should  be  made  to  determine  what  nutrition  work  is  already 
being  done,  what  more  should  be  done,  and  what  agencies  and 
faciUties  in  the  locality  can  assist  in  the  work  or  take  entire  charge 
of  it.  The  local  committee,  or  those  who  have  the  program  in  charge, 
should  endeavor  to  secure  the  cooperation  of  all  existing  organiza- 
tions, health  officials,  the  local  medical  profession,  or  both,  wherever 
possible.  It  should  be  borne  in  mind  that  nutrition  work  should 
always  be  a  first  step  toward  a  complete  health  program  or  else  a 
part  of  it. 

The  following  agencies  will  be  found  useful  in  conducting  correc- 
tive work: 

Board  of  health.  Hospital    social    service  depart- 

Medical  society.  ments. 

Health  centers  (public  or  private) .    Red  Cross  chapter. 
Private  child-welfare  and  health    Settlements. 

organizations.  Day  nurseries. 

Visiting  or  district  nurse  head-    Orphan  asylums. 

quarters.  Schools     (pubUc,    parochial,    or 

Maternity  centers.  private). 

Infant-welfare  stations  or  baby    Churches  and  Sunday  schools. 

clinics.  Commimity  centers. 

Hospitals.  ReUef  organizations. 

Out-patient  clinics.  Citizens  associations. 

Dispensaries.  Civic  organizations. 

MAKE  A  SURVE  Y  TO  DETERMINE  THE  SIZE  OF  THE 
PROBLEM. 

Segregate  the  Malnourished  Group. 

Physical  examinations. — ^A  complete  physical  examination  of  all 
children  by  competent  physicians  is  the  most  reliable  basis  for 
determining  whether  they  are  developin    normally.     This  examina- 


tion  should  include  the  weighing  and  measuring  of  each  child  as  a 
first  step.  A  complete  physical  examination  once  a  year  is  desirable 
for  all  children,  but  essential  if  we  are  to  know  their  condition  and 
have  an  adequate  basis  for  suggesting  proper  methods  for  the  care  of 
Uie  underweight  and  physically  unfit. 

Weighing  and  measuring, — Where  a  lack  of  funds  or  facilities, 
makes  a  complete  examination  for  all  children  impossible,  weighing 
&ih1  measuring  them  will  afford  a  means  of  selecting  the  group  which 
wQl  contain  the  lai^  proportion  of  malnourished  children.  Those 
found  to  be  10  per  cent  or  more  below  or  20  per  cent  or  more  over 
the  average  weight  for  height  and  age  may  be  taken  as  a  group 
which  should  be  examined  to  determine  whether  they  need  further 
attention.  This  will  not  reveal  all  imdernounshed  children,  but  it 
will  serve  as  a  starting  point.^ 

Study  the  Causes  o(  Malnutrition.^ 

Tlie  causes  of  malnutrition  must  be  clearly  understood  by  those 
who  plan  and  carry  out  the  survey  to  determine  the  extent  of  malnu- 
trition in  the  community  as  well  as  by  those  who  work  with  the 
malnourished  group  after  it  has  been  segregated. 

It  is  important  not  only  to  know  how  the  habits,  condition,  and 
immediate  environment  of  the  individual  child  affect  the  situation, 
but  also  what  conditions  in  the  community  contribute  to  the  problem. 
Some  of  the  points  mentioned  below  may  be  considered  in  the  survey 
itself,  particularly  those  regarding  community  conditions. 

Physical  defectSf  habits,  and  immediate  environment  affecting  the 
nutrition  of  the  individual  chUd. — ^A  large  proportion  of  underweight 
children  have  physical  defects  of  some  kind  and  will  not  gain  until 
these  defects  have  been  corrected.  Often  correction  of  defects  is  all 
that  is  necessary  to  give  a  child  a  chance  to  develop  normally.  Na- 
sopharyngeal obstructions  are  a  factor  of  the  greatest  influence  in 
causing  malnutrition,  since  they  prevent  proper  breathing  and  intake 
of  oxygen.  Carious  teeth,  which  are  found  in  a  large  number  of 
cases,  are  a  good  breeding  place  for  germs,  prevent  proper  mastica- 
tion, and  thus  hinder  good  nutrition.  These  two  classes  of  defects 
are  mentioned  because  they  are  very  common.  There  are,  of  course, 
others  more  serious. 

Overfatigue  is  a  cause  of  malnutrition  which  is  often  difficxilt  to 
recognize,  as  a  very  moderate  amount  of  exercise  will  have  an  un- 
desirable effect  on  some  children.  A  child  that  grows  rapidly  will 
often,  even  when  nutrition  is  apparently  good,  be  apt  to  experience 


*  See  ftppendiz  fDr  statement  ooncemiDg  malDutritkni,  standards  for  its  identification,  etc. 

*  See  "Pointi  to  be  borne  in  mind  by  those  in  charge  of  nutrition  work''  for  further  discussion  of  the 
taoMi,  PM0  17. 
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exhaustion  after  limited  physical  exercise.  Such  exhaustion  often 
interferes  with  school  progress.  Its  most  common  manifestation  is 
lack  of  concentration  and  inability  to  apply  the  mind  to  any  one 
thing  for  more  than  a  few  minutes  at  a  time  except  under  special 
stimulus.  Exhaustion  is  frequently  due  to  too  intense  or  exacting 
a  daily  program  for  the  child,  too  heavy  school  work,  too  many  out- 
side classes  or  lessons,  too  much  physical  exercise,  especially  too 
much  strenuous  play,  too  many  ''movies,''  and  too  much  nervous 
excitement.     (See  p.  18  for  suggestions  regarding  rest.) 

Improper  diet  and  faulty  food  and  health  habits  are  very  large 
factors  in  the  production  of  the  most  common  forms  of  malnutrition. 
They  are  often  due  to  ignorance  and  perhaps  even  more  often  to  a 
lack  of  home  discipline,  which  is  one  of  the  main  indirect  factors 
causing  malnutrition.  Poverty  also  makes  it  impossible  to  obtain 
an  adequate  diet  in  some  cases.  In  the  appendix  there  is  a  list  of 
some  good  food  and  health  habits  which  should  be  observed.  If 
these  habits  are  to  become  a  part  of  the  child's  daily  life,  the  education 
and  cooperation  of  parents  must  be  assiu^ed. 

Children  should  be  taught  to  breathe,  stand,  sit,  and  walk  properly. 
The  body  can  not  utilize  food  without  air  for  oxidation,  and  an  erect, 
easy  carriage  is  necessary  not  only  to  the  free  play  of  the  lungs  but 
to  the  proper  position  and  functioning  of  the  larger  organs  in  the 
trunk. 

Faulty  postiu^e  or  incorrect  body  mechanics  is  associated  with 
fatigue  and  is  one  of  the  conditions  most  conunonly  found  in  mal- 
nourished children.  Faulty  postiu^e,  fatigue,  and  malnutrition  fom 
a  vicious  circle  and  react  one  upon  the  other.  They  shoiild  all  be 
corrected  to  obtain  the  best  resxdts.  Faulty  posture  may  be  helped 
by  corrective  exercises,  carefully  supervised  by  specially  trained 
instructors,  under  the  direction  of  an  orthopedist.  In  prescribing 
exercises  as  an  aid  to  the  correction  of  faxilty  posture  the  fullest 
consideration  should  be  given  the  fact  that  the  undernourished 
muscles  are  very  susceptible  to  fatigue  and  that  this  militates  against 
upbuilding.  Therefore  muscular  exercises  should  be  prescribed  and 
directed  with  extreme  caution  and  with  careful  study  of  both  their 
immediate  and  remote  effects. 

All  orthopedic  defects  should  be  recorded  in  the  course  of  tlie 
physical  examination,  and  appropriate  steps  should  be  taken  to 
obtain  their  correction. 

In  many  cases  children  fail  to  gain  because  of  conditions  in  Uw 
home  which  are  beyond  their  control.  It  has  been  found  that  fear 
of  punishment  and  constant  nagging  and  scolding  have  sometimes 
caused  failiu*e  to  gain.  Where  this  cause  has  been  corrected,  some 
remarkable  gains  have  been  noted. 


Many  homes  haTe  inadequate  and  unsatisfactory  sleeping  accom- 
modations, and  children  fail  to  get  enough  sleep  or  fresh  air  at  night. 
There  may  be  insufficient  food  or  an  ill-balanced  diet  because  of  low 
income  or  conditions  that  the  family  can  not  correct.  In  such  cases 
cooperation  with  some  social  agency  is  essential  if  gains  are  to  be 
permanent. 

General  community  condUions  which  may  cor^ribttie  to  malnuiriiion. — 
The  nutrition  program  can  not  be  fully  effective  unless  consideration 
is  given  to  such  factors  as  the  following: 

Housing  coDditioQS. 

Smnitaiy  conditiona  in  school  buildings. 

Atmospheric  contaminAdoQ  by  smo^e  or  other  8ul)6taiicee. 

Availability'  of  pure  water. 

Facilities  and  opportunities  for  play  and  recreation. 

Emplo\'nient  of  women  and  children  in  indufitr>'  and  overwork  at  home. 

Market  conditions: 

1.  Food  inspection  and  control. 

2.  A\'ailability  of  certain  foods.  espe<*iall>  milk  and  leaf>'  vegetables. 

3.  High  prices. 
Medical  and  dental  s^rice. 

^Organization  of  school  pro^rrams  ao  that  pupils  may  not  be  overtaxed,  and  a  proptf 
relation  l>etween  work  and  rest  may  f)e  maintained. 

All  of  these  things  should  be  considered  not  merely  because  of  their 
effect  on  nutrition,  but  because  of  their  serious  bearing  on  the  health 
of  the  entire  community.  Those  engaged  in  the  health  or  nutrition 
program  should  stimulate  the  proper  agencies  to  eliminate  bad  con- 
ditions, but  failure  to  effect  improvement  in  this  direction  should  not 
be  allowed  to  discourage  attempts  to  carry  out  the  work.  If  based 
on  sound  principles  this  will  justify  itself  in  communities  where  con- 
ditions are  far  from  desirable.  Some  of  the  appropriate  agencies  to 
be  interested  in  improving  conditions  are:  Private  health  organiza- 
tions, local  health  departments,  boards  of  education,  chambers  of 
commerce,  consumers'  leagues,  women's  clubs,  citizens'  associations, 
and  housing  conunissions.  Such  bodies  as  the  United  States  Btu'eau 
of  Markets,  the  State  labor  btu'eau,  and  State  departments  or  boards 
of  agriculture  often  may  be  of  assistance. 

OBTAIN  PUBUCITY  REGARDING  MALNUTRITION  IN 
THE  COMMUNIT  Y. 

It  is  important  that  publicity  be  obtained  regarding  the  results  of 
physical  examinations  or  the  weighing  and  measuring  campaign. 
This  maj'  be  effective  in  arou.sing  the  community  to  action.  Com- 
parisons of  local  conditions  with  those  found  in  other  cities  often  are 
valuable  and  stimulating.  A  special  subcommittee  should  be  ap- 
pointed to  deal  with  this  question,  and  the  editor  of  the  local  paper 
might  well  be  made  its  chairman. 


NUTRITION  WORK  IN  THE  SCHOOL 

HEALTH  PROGRAM. 

IN  the  foreword  to  this  report  mention  was  made  of  the  prime 
necessity  for  combating  mahiutrition  by  preventive  measures, 
one  of  the  most  effective  of  which  is  a  thoroughgoing  program 
of  health  education  in  the  schools,  with  proper  attention  to  diet  and 
nutrition.  As  stated  previously,  a  program  dealing  specifically  with 
health  education  has  been  prepared  by  the  advisory  conmiittee  on 
health  education  of  the  National  Child  Health  Council,  and  onlv  a 
summary  is  included  here  for  the  sake  of  suggesting  a  well-rounded 
program.  For  a  fuller  discussion  of  school  health  work  the  reader 
is  referred  to  School  Health  Studies  No.  1,  United  States  Bureau  of 
Education,  1922. 

ORGANIZATION  OF  NUTRITION  WORK  FOR  NORMAL 
CHILDREN  IN  THE  SCHOOLS. 

Every  child  should  have  a  complete  physical  examination,  and  all 
defects  discovered  in  the  course  of  this  should  be  corrected  promptly. 
Health  education  should  permeate  the  entire  school  curriculum  and 
include  among  other  things  information  regarding  food  and  correct 
food  habits.  Such  information  may  be  incorporated  in  lessons  on 
reading,  writing,  English,  history,  geography,  drawing,  biology,  and 
mathematics,  as  this  is  a  most  effective  way  to  bring  about  a  constant 
natural  absorption  of  health  truths. 

More  direct  methods  of  teaching  good  nutrition  to  normal  children 
also  should  be  a  part  of  the  regular  school  health  program.  Work 
of  this  kind  will  be  found  of  greater  value  than  mere  informational 
material  and  should  be  under  the  direction  of  a  well-trained  supe^ 
visor  of  nutrition  on  the  school  staff. 

Efficiency  and  economy  make  it  advisable  to  enlist  the  services  of 
the  home  economics  teachers  already  employed  in  the  school  system 
to  supervise  instruction  regarding  nutrition.  To  be  succe^ul, 
however,  they  must  have  (a)  an  adequate  general  training  in  health 
subjects,  (b)  a  knowledge  of  modern  nutritional  subjects  with  especial 
emphasis  on  methods  of  controlling  malnutrition,  (c)  time  for  effectiTe 
supervision  of  the  nutrition  program,  and  (d)  the  advice  and  guidance 
of  a  physician,  preferably  the  school  physician.  Where  present 
supervisors  lack  training  which  will  give  them  the  desired  viewpoint, 
they  should  be  expected  to  obtain  it  and  should  be  given  the  time 
necessary  to  organize  the  work.     On  page  12  will  be  found  suggestions 
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for  obtaining  nutritional  guidance  on  a  part-time  or  consultant  basis, 
where  it  is  not  possible  to  obtain  it  on  a  full-time  basis.  If  the 
school  system  is  unable  to  pay  for  such  services,  some  agency  outside 
the  schools  may  finance  the  work,  but  in  any  case  the  nutrition 
worker  in  the  schools  should  be  considered  a  regular  member  of  the 
faculty.  The  nutrition  worker  should  give  to  the  class  room  teachers 
a  graded  course  of  instruction  concerning  food  and  food  habits.  Thia 
instruction  should  be  simple  enough  to  be  repeated  to  the  children^ 
who  should  receive  it,  in  turn,  from  the  classroom  teacher.  The 
nutrition  worker  should,  for  purposes  of  demonstration,  teach  the 
childreu  herself  occasionally,  giving  individual  attention  to  the 
children  in  need  of  it.  This  course  of  instruction  in  nutrition  should 
be  correlated  with  the  instruction  in  the  other  aspects  of  hygiene 
which  may  be  given  by  grade  teachers  and  by  other  health  workers, 
such  as  the  doctor,  the  nurse,  and  the  teacher  of  physical  training. 

THE  PLACE  OF  THE  MIDDA  Y  LUNCH  IN  THE  SCHOOL 
HEALTH  PROGRAMS 

The  problem  of  malnutrition  can  by  no  means  be  solved  by  the 
midday  meal  at  school,  but  this  feature  of  the  program  is  justified 
if  nothing  more  is  accomplished  than  to  provide  an  adequate  meal 
for  children  who  find  it  impossible  to  get  a  good  midday  limcheon  or 
dinner  at  home.  When  the  school  lunch  is  used  as  a  means  of  in- 
fluencing the  food  eaten  at  home  its  value  is  greatly  increased.  If 
the  lunch  is  carefully  planned,  prepared,  and  served  there  is  an 
excellent  opportunity  for: 

(1)  Teaching  what  foods  are  neceasary  for  health,  and  how  theee  foods  muat  be 
used  to  insure  good  results. 

(2)  Helping  to  establish  a  taste  for  the  right  foods  and  influencing  children  to  eat 
them  at  home  as  well  as  at  school. 

(3)  Interesting  children  to  eat  unfamiliar  foods  which  they  refuse  to  eat  at  home.. 

(4)  Establishing  habits  of  cleanliness,  good  table  manners,  and  consideration  for 
those  who  cook  and  serve  the  food. 

(5)  Instructing  mothers  in  the  correct  feeding  of  children.' 

The  school  lunch  may  serve  as  a  practical  demonstration  to  rein- 
force the  teaching  of  nutrition  in  the  classroom.  The  facts  may  be 
driven  home  by  such  remarks  as  ''You  see,  we  serve  milk  or  cocoa 
instead  of  coflFee,'*  and  "We  serve  vegetables  because  it  is  cheaper 
and  better  to  get  vitamines,  iron,  calcixmi,  and  other  things  needed 
in  the  body  in  food  than  in  medicines.''  Food  facts  may  be  taught 
through  talks,  stories,  and  posters.  Literature  may  be  obtained 
from  some  of  the  agencies  listed  in  the  appendix. 

*  Lunches  to  be  peid  for  by  the  diildren  wherever  possible. 

'  Ifotbert  ma,y  be  invited  to  the  lunch  room  to  taste  the  kinds  of  food  children  should  be  tMi^ht  to  eat 
iod  jokj  be  taught  how  to  make  the  children  eat  the  things  they  should. 


8 

REQUIREMENTS  ESSENTIAL  TO  THE  SUCCESS  OF  THE 
SCHOOL  LUNCH. 

There  are  three  requirements  which  are  essential  to  the  success  of 
the  school  lunch:  (1)  The  teacher  must  have  a  knowledge  of  food  in 
its  relation  to  health  and  a  will  to  teach  the  child  proper  food  and 
health  habits;  (2)  school  authorities,  parents,  and  public-spirited 
citizens  must  see  that  the  school  lunch  is  efficiently  managed  and  tliat 
the  opportimities  which  it  offers  for  educational  and  social  improve- 
ment are  fully  utilized;  and  (3)  the  financial  control  of  the  lunch 
should  be  vested  in  the  school  board,  which  should  provide  facilities 
and  equipment,  pay  all  employees,  and  control  receipts  and  expendi- 
tures. In  some  cases  money  to  finance  the  limch  has  been  furnished 
by  local  organizations  or  philanthropic  individuals;  funds  also  have 
been  raised  through  school  functions,  and  in  some  instances  food  has 
been  contributed  by  the  pupils.  These  methods  vary  in  degree  of 
satisfaction,  but  no  method  is  so  satisfactory  as  financial  control  by 
the  school  board.  This,  fortunately,  has  been  legalized  by  several 
States. 

Whatever  method  of  financing  may  be  adopted,  it  should  be 
emphasized  that  the  school  lunch  is  not  a  plan  for  the  free  feeding  of 
children,  in  school  or  out,  but  a  measure  of  value  in  the  school  health 
program.  Comparatively  few  children  will  be  found  in  any  com- 
mimity  who  are  imable  to  pay  for  the  lunch.  These  may  be  cared 
for  quietly  without  stigma  through  the  philanthropic  organizations 
of  the  community — the  Junior  Red  Cross,  the  tuberculosis  associa- 
tion, the  parent-teacher  associations,  or  women's  clubs.  In  some 
cases  those  who  can  not  pay  the  entire  cost  can  pay  part,  and  this  is 
desirable,  for  the  payment  of  even  a  few  pennies  a  week  serves  to 
retain  self-respect  and  lessen  tendencies  toward  pauperization. 

THE  MIDMORNING  AND  MIDAFTERNOON  LUNCH. 

WhUe  there  is  little  conclusive  evidence,  based  upon  careful  study, 
as  to  the  results  of  midmorning  lunches,  general  reports  received 
from  supporters  of  the  movement  attest  their  beneficial  effect. 

The  reasons  in  favor  of  the  midmorning  lunch  are  (1)  that  many 
school  children,  particularly  those  in  the  lower  grades  and  those  who 
are  below  par  physically,  do  better  on  four  meals  than  on  three 
meals  a  day,  and  (2)  that  many  children,  especially  those  of  working 
families,  eat  their  breakfast  at  an  early  hour  and  have  to  go  too  long 
without  food  if  they  do  not  have  anything  to  eat  between  breakfast 
and  the  noon  recess. 

On  the  other  hand,  some  assert  that  the  midmorning  lunch  has 
been  supplied  without  proper  social  safeguards,  in  at  least  some 


instances,  and  has  served  to  decrease  the  parent's  sense  of  respon- 
sibility for  providing  adequate  food  at  home.  In  all  cases  school 
authorities  should  assure  themselves  that  the  lunch  is  not  being  made 
an  excuse  by  parents  lor  cutting  off  a  part  of  the  child's  food  at  home, 
and  where  this  is  suspected  to  be  the  case,  careful  follow-up  work 
should  be  done. 

Some  pediatrists  advise  discrimination  in  the  selection  of  children 
to  receive  midmoming  lunches,  so  that  those  not  in  need  of  extra 
nourishment  will  not  receive  it  and  so  that  the  food  is  not  too  much  a 
duplication  of  that  received  at  home.  It  is  important  that  the 
judgment  of  the  school  medical  examiner,  where  available,  should  be 
had  as  to  the  extent  to  which  such  lunches  should  be  provided. 
This  is  particularly  true  in  cases  where  it  is  proposed  to  provide  both 
midmoming  and  midaf temoon  lunches  for  children  who  are  under- 
wiiight  or  show  other  signs  of  mahiutrition.  The  weight  of  opmion 
is  hiiavor  of  the  midmoming  lunch  under  proper  safeguards,  partic- 
ularly for  children  who  are  below  par.  Unfortunately,  both  its  value 
and  the  possible  disadvantages  of  its  use  without  proper  discrimi- 
nation are  too  largely  subjects  of  opinion. 


FACILITIES  AND  METHODS  FOR  CORREC 

TIVE  WORK. 

CENTERS  FOR  SERVICE  AND  NECESSAR  Y  EQUIPMENT. 

A  GOOD  location  is  essential.     Some  questions  to  be  considered 
in  deciding  upon  the  location  of  centers  are : 

Where  may  mothers  and  fathers  as  well  as  children  be  reached  most  readily? 
Where  may  best  cooperation  be  obtained? 

What  place  affords  best  facilities  for  work  and  is  freest  from  interruptions? 
Where  will  the  child  get  a  positive  rather  than  a  negative  idea  of  health? 

Hospitals,  clinics,  and  dispensaries  where  medical  supervision  is 
available  generally  should  be  reserved  for  cases  of  organic  disease 
and  severe  malnutrition.  Ordinarily  it  is  not  desirable  to-biing 
children  to  places  associated  with  disease  for  class  work.  Certain 
"Well  Baby  Clinics,"  orthopedic  and  other  hospitals,  in  which 
children  stay  over  long  periods  of  time,  form  an  exception  to  this  rule, 
and  hospitds  may  do  very  useful  work  in  holding  health  or  nutrition 
classes  for  convdescent  children. 
The  following  places  constitute  possible  locations  for  centers: 

Schools.* 

Health  centers. 

Municipal  or  county  rest  rooms. 

Farmers'  headquarters. 

Day  nurseries. 

Settlements,  chm*ches,  etc. 

Public-health  nursing  offices. 
The   following  places  will  be  found  particularly  useful  for  the 
younger  children: 

Infant-welfare  stations. 

Maternity  centers. 

Milk  stations. 

Kindergartens  and  settlements. 

Day  nurseries. 
Facilities  and  equipment,^ — ^A  well-lighted,  well-ventilated,  clean, 
quiet  room,  where  the  work  will  be  free  from  interruptions,  is  needed. 

•  The  school  bunding  is  almost  always  the  best  place  for  work  with  the  schod  chfld  and  should  b«  vstA  U 
ayailable.  IdeaUy,  every  school  bunding  should  have  a  wen-equipped,  well-ligjited  room  for  the  om  of 
school  physicians  and  nurses.  If  it  can  be  obtained  at  a  time  when  the  work  win  not  be  intemipted,  tli^ 
room,  or  the  home  economics  classroom,  may  be  used  for  the  conduct  of  nutrition  classes. 

*It  should  be  understood  that  the  fadhties  and  equipment  outlined  are  desirable  for  elBdent  ofwntii*. 
Whne  exceUent  work  has  been  done  without  some  of  these  facihties  and  without  certain  parts  of  this  tqvp- 
ment,  anything  less  desirable  places  the  nutrition  worker  at  a  disadvantage  and  means  that  the  work  most 
be  conducted  under  a  handicap. 
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This  room  should  be  easily  accessible  and  not  above  the  second  floor, 
unless  an  elevator  is  available.  It  should  be  equipped  with  running 
water  and  toilet  facilities,  and  should  have  wall  space  sufficient  for 
permanent  exhibits  and  individual  charts  for  the  children  in  the 
nutrition  classes. 

The  following  equipment  will  be  needed : 

Essential — 

Scales  (standard  rod  scales)  and,  if  needed,  an  infant  scale. 

Measuring  rod  (a  substantial  one  on  wall  as  well  as  on  scale  advisable).  Twer 
yardsticks  tacked  against  a  flat  wall  are  preferable  to  tape  lines,  which  stretch  under 
continuous  use  unless  pasted  to  a  flat  measuring  board.  *^ 

Low  benches  and  little  chairs  for  children  and  chairs  for  parents. 

Tables. 

Screens  or  curtains. 

Facilities  for  hanging  wraps  (wraps  should  be  hung  so  as  not  to  touch  each  other). 

Facilities  for  making  and  hanging  charts. 

Such  additional  equipment  as  the  physician  may  specify. 

Desirable — 


A  blackboard  for  class  instruction. 
Cases  for  food  exhibits. 
A  file  for  records  and  large  charts. 

A  gas  stove,  or  electric  plate,  and  oven;  and  such  cooking  utensils  as  simple  dem- 
onstrations  may  necessitate. 

STAFF  REQUIRED. 

Medical  service. — Cases  of  severe  malnutrition  require  long,  close, 
continued  medical  supervision,  and  where  nutrition  classes  are  held 
the  physician  should  visit  them  regularly.  Medical  services  pref- 
erably should  be  paid  for  and  may  be  secured  on  a  part-time  basis. 
Physicians  should  give  physical  examinations  to  all  imdernourished 
children,  reexamine  children  who  do  not  improve,  and  give  consul- 
tation and  supervisory  service  both  to  individuals  and  to  health  and 
nutrition  classes. 

Nutritional  supervision, — In  an  extensive  piece  of  work  there  should 
be  employed  on  full-time  a  nutrition  worker  "  who  has  had  special 
training  in  foods  as  related  to  nutrition,  and  growth  of  children,  and 
food  economics.  This  worker  should  have  a  thorough  imderstanding 
of  the  importance  of  physical  defects  and  other  individual  or  environ- 
mental causes  of  malnutrition;  and  should  possess  marked  teachings 
ability,  as  one  of  the  most  important  parts  of  the  work  is  that  done 
in  instructing  nurses  and  other  workers  in  normal  nutrition. 

u  To  determine  height  a  square  block  should  be  placed  on  the  top  of  the  chUd's  head  and  against  the 
nteanre.    Such  a  block  is  preferable  to  a  ruler  or  any  thinner  ol^ect,  which  invariably  slants  more  or  lew 

Q  Scestandards  recommended  by  the  Advisory  Committee  on  Foods  and  Nutrition  of  the  National  Child 
Health  CoancU. 

24534—23 3 


12 

Where  it  is  not  feasible  to  employ  such  a  specialist  on  full-time  at 
each  center  or  station,  one  of  several  methods  may  be  adopted: 

(a)  Service  of  one  worker  may  be  made  available  for  several  sta- 
tions combined. 

(6)  In  smaller  places  such  services  may  be  provided  on  a  cooper- 
ative basis  with  educational  institutions,  local  hospitals,  or  health 
agencies. 

(c)  In  country  districts  guidance  may  be  obtained  from  larger 
communities  near  by,  or  by  an  arrangement  with  the  county  home 
demonstration  agent. 

In  some  cases  several  towns  have  combined  in  the  employment  of 
such  a  supervisor. 

A  specialist  of  this  kind  should  visit  schools  (where  there  is  no 
supervisor  of  home  economics  in  the  school  system)  and  stations, 
train  teachers,  nurses,  and  other  workers  in  normal  nutrition  and  food 
economics,  and  give  general  consultation  service  in  the  solution  of 
difficult  nutritional  problems. 

Nursing  service. — Where  nutrition  work  is  under  the  general  super- 
vision of  a  trained  nutrition  worker,  who  has  sufficient  time  or  assist- 
ance for  class  work  and  follow-up  work  in  cases  involving  dietary 
problems,  nurses  may  confine  their  follow-up  work  to  that  necessary 
to  obtain  the  correction  of  physical  defects,  see  that  patients  receive 
proper  care  after  correction,  watch  children  for  symptoms  of  disease, 
and  give  individual  instruction  regarding  the  observance  of  good 
health  habits.  They  should  also  share  in  the  teaching  of  health 
habits  and  hygiene  in  the  nutrition  classes  and  to  the  teachers. 

Where  there  is  no  nutrition  worker  attached  to  the  staflf,  it  is  very 
important  that  nurses,  in  carrying  on  such  nutrition  activities  as  are 
practicable  in  view  of  their  training,  should  supplement  their  knowl- 
edge of  foods  and  food  habits  and  secure  assistance  in  solving  food 
problems  from  some  person  well  trained  in  nutrition,  such  as  the 
local  home  economics  teacher  or  farm  bureau  representative. 

Nutrition  field  workers, — ^Where  the  budget  makes  it  possible,  there 
should  be  nutrition  field  workers  to  go  into  homes  and  help  mothers 
deal  with  special  dietary  problems  which  are  beyond  the  experience 
of  the  average  field  health  worker  who  has  not  had  special  training  in 
nutrition.  As  in  the  case  of  the  nutrition  supervisor,  such  a  person 
should  be  adequately  prepared  from  health  and  social  service  stand- 
point. She  also  should  teach  nutrition  classes.  In  an  extensive 
program,  where  there  are  many  children  to  be  handled  in  classes,  one 
nutrition  field  worker  should  be  assigned  to  class  work.  The  person- 
ality and  training  of  the  class  teacher  are  very  important,  for  unless 
she  is  able  to  enlist  the  interest  of  the  children  and  make  her  teaching 
forceful,  she  can  not  be  successful. 
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A^txSua^ies, — AH  suitable  agencies  in  the  commgntey  slioidd  coop- 
erate in  carrying  on  the  nutrition  pn)gram,  so  that  expense  and 
dupUcation  may  be  avoided  and  the  work  may  have  the  benefit  of 
varying  points  of  view.  Some  agencies  that  may  not  have  facilities 
for  assisting  in  the  work  may  be  important  factors  in  financing  and 
popularizing  it. 

Volunteers, — Volunteers  may  be  chosen  from  cooperating  Qiganisa- 
tiouS;  ^-especially  from  wdnen's  clubs,  parent-teacher  associations, 
and  associations  of  collegiate  alumnee.  Service  by  volunteers  is 
always  valuable,  as  it  tends  to  extend  interest.  Volunteers  may  be 
trained  to  take  children  to  dispensaries,  to  keep  records,  to  help  with 
regular  weekly  weighings,  to  make  charts,  and  assist  in  other  ways. 
This  increases  the  amount  of  specialized  work  which  may  be  done  by 
more  highly  trained  persons.  Volunteers,  however,  should  take 
special  training,  through  nutrition  conferences  or  institutes,  to  be  of 
the  most  effective  service. 

METHODS  OF  WORK. 

In  preventing  malntttrition  there  ^oold  be  a  general  health  pro- 
gram to  educate  the  whole  community — ^fathers,  mothers,  and  chil- 
dren. Parents  may  be  reached  through  literature,  lectures,  enter- 
tainments, general  propaganda,  clinics,  and  home  visits.  Children 
may  be  reached  through  schools,  clubs,  entertainments,  and  classes, 
and  in  other  ways. 

Work  with  the  Child  Under  Schocd  Age. 

Special  emphasis  should  be  placed  upon  work  with  children  under 
school  i^e,  so  that  they  may  develop  normally.  If  proper  prenatal 
care  could  be  given  and  if  the  habits  of  children  could  be  regulated 
from  birth  to  school  age,  the  health  .work  now  necessary  in  schools 
might  be  greatly  reduced. 

Mothers  should  be  urged  to  bring  the  babies  and  Wunger  children 
to  health  centers  at  staled  intervals  for  examiiitttVon  and  advice. 
They  may  be  encouraged  to  do  this  by  visits  to  their  homes  and  in 
general  meetings.  At  first  mothers  have  to  be  urged  to  come  to  the 
station  and  often  must  be  accompanied.  When  the  benefit  to  their 
children  is  made  evident,  however,  they  will  seek  help,  and  home 
visits  may  be  made  less  frequently. 

The  class  methods  employed  for  children  of  school  age  must  be 
modified  if  group  instruction  is  to  be  successfully  attempted  with 
preschool  children.  In  some  nursery  schools  health  education  has 
been  successfully  given  in  connection  with  lunches,  carefully  planned 
and  supervised,  and  even  with  very  young  children  the  influence  of 
the  group  has  prove<l  valuable  in   cultivating  the  habit  of  taking 
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proper  food.  In  some  ca^es  successful  elates  have  been  formed  for 
mothers  and  children,  the  chief  emphasis  being  put  on  habit  formation. 
Some  nutrition  workers  have  found  it  valuable  to  conduct  a  part  of 
the  work  only  in  the  presence  of  the  children.  In  these  cases  facU? 
that  will  hold  the  interest  of  the  children  are  discussed  while  thev 
are  in  the  class;  after  they  are  dismissed  their  mothers  are  instruct^ 
regarding  their  diet  and  other  important  matters. 

Mothers  should  alwarys  accompany  young  children  to  the  class, 
for  the  main  benefit  from  the  work  results  m  the  instruction  which 
they  receive  in  the  presence  of  the  children.  Whatever  class  methods 
may  be  employed,  the  importance  of  home  visiting  by  the  nurse  or 
nutrition  field  worker  (where  one  is  employed)  must  not  be  over- 
looked. 

The  importance  of  thorough  and  competent  medical  supervision 
as  a  foundation  for  nutrition  work  is  particularly  apparent  with  the 
preschool  group.  The  disclosure  of  defects  at  this  age,  with  a  careful 
follow-up  for  their  correction,  gives  the  child  a  better  chance  to  start 
hi^  school  career  unhampered  by  physical  disabilities. 

WoA  with  die  Malnourished  Child  of  School  Age. 

For  permanent  good  health  and  resistance  to  disease  it  is  necessary 
to  practice  good  health  habits,  and  the  importance  of  general  health 
education  and  health  supervision  for  all  school  children  has  already 
been  discussed.  They  should  be  given  general  instruction  in  health 
habits  and  food  values,  and  every  possible  method  should  be  used  to 
stimulate  them  to  follow  the  health  program.  Children  below  weight, 
but  with  no  physical  defects,  those  whose  defects  have  been  remedied, 
or  those  who  are  temporarily  underweight  from  illness  will  usually 
come  up  rapidly  under  such  general  instruction. 

Children  should  have,  upon  school  entrance,  a  complete  health 
examination  by  trained  school  physicians,  which  will  test  and  record 
their  physical  and  mental  conditions  and  adjustments.  They  should 
be  examined  ammally  thereafter,  or  at  least  once  in  every  two  or  thrfeo 
years.  Those  below  par  should  be  reexamined  with  such  frequency 
as  their  particular  conditions  indicate,  and  those  who  are  retarded 
in  school  progress  should  be  reexamined  carefully  to  determine 
whether  their  slow  progress  is  due  to  discoverable  and  remediable 
health  defects. 

In  actual  practice  the  frequency  of  exammations  will  depend  upoti 
the  financial  resources  of  the  school.  In  many  commimities  health 
examinations  are  not  now  given  to  any  of  the  children.  These  com- 
munities should  be  made  to  realize  their  importance,  and  in  such 
places  earnest  efforts  should  be  made  to  have  examined  at  least  those 
children  who  are  underweight  or  who  show  other  signs  of  malimtrition. 
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If  necessary  in  the  judgment  of  the  physician,  these  children  may  be 
rrferred  to  the  nutrition  or  health  classes  for  intensive  work.  To  gain 
interest  and  cooperation  it  is  well  to  have  one  or  both  parents  and 
the  classroom  teacher  present  at  the  examination. 

Correction  of  Physical  Defects. 

After  physical  defects  have  been  noted,  children  should  be  referred 
to  the  family  physician  for  their  correction.  Those  who  are  imable 
to  pay  should  be  given  dispensary  or  hospital  service,  dental  service, 
or  care  by  an  oculist  provided  by  the  copimimity. 

Class  Methods. 

The  following  discussion  of  class  methods  is  not  designed  to  furnish 
guidance  as  to  the  ways  and  means  of  interesting  and  stimulating 
children,  whose  cooperation  is  essential  to  the  effective  conduct  of 
the  work.  Methods  of  obtaining  such  cooperation  have  been  ably 
dealt  with  in  publications  issued  by  such  agencies  as  the  United  States 
Bureau  of  Education;  Bureau  of  Educational  Experiments,  New 
York,  N.  Y.;  the  Child  Health  Organization  of  America;  Teachers' 
College  of  Columbia  University;  the  Elizabeth  McCormick  Memorial 
Fund;  Nutrition  Clinics  for  Delicate  Children;  and  some  others  included 
in  the  list  appended  to  this  report. 

Even  at  the  risk  of  repetition,  it  should  be  emphasized  that  in  con- 
ducting nutrition  classes  it  is  necessary  to  have  (a)  thoroughgoing 
health  examinations  and  medical  supervision  for  all  children;  (b) 
adequate  medical  and  nursing  service  for  the  correction  of  physical 
defects  and  bad  health  conditions;  and  (c)  advice  and  supervision  as 
to  foods  and  methods  of  food  preparation  by  a  thoroughly  trained 
nutrition  worker,  whether  on  a  full-time,  part-time,  or  a  consultant 
basis. 

Phjrsical  defects,  including  carious  teeth,  should  be  corrected,  if 
possible,  before  much  time  is  spent  in  trying  to  make  children  gain 
by  readjusting  health  habits.  Good  health  habits  should  certainly 
be  established  as  soon  as  possible,  but  there  is  often  a  useless  ex- 
penditure of  time  and  energy  in  attributing  failure  to  gain  to  bad 
habits  when  there  is  some  underlying  physical  obstruction."  It  is 
well  to  secure  the  cooperation  of  the  parents  at  the  outset,  through 
home  visits  if  necessary,  and  mothers  should  be  urged  to  attend  the 
class. 

A  worker  in  charge  of  nutrition  classes  can  care  for  approximately 
100  children  in  classes  of  20  each  for  intensive  work.  With  this 
number  some  clerical  help  wiU  be  required;  and  also  assistance  in 

^Some  physidaiis  believe  that  children  with  enlarged  tonsils  should  not  be  operated  upon  until  an 
Attempt  has  been  made  to  build  them  up  physically. 
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home  visiting.  A  nutrition  worker  may  handle  larger  groups  in 
schools  where  instruction  regarding  nutrition  is  given  as  a  part  of  the 
general  health  program  for  all  school  children,  in  correlation  with 
instruction  in  other  aspects  of  hygiene  given  by  grade  teachers  and 
special  health  workers,  such  as  the  physician  and  nurse. 

The  class  should  meet  each  week  and  children  should  be  weighed 
weekly,  after  coats,  sweaters,  and  shoes  have  been  removed.  Heights 
should  be  taken  at  the  first  lesson  and  retaken  at  least  every  tnree 
months.  Weights  should  be  recorded  on  weight  charts,  so  that  gains 
and  losses  may  be  discussed  with  mothers  and  children.  Children 
should  be  stimulated  to  develop  good  food  and  health  habits.  The 
actual  class  work  should  not  last  over  20  to  30  minutes. 

Devices  for  stimulating  interest  are:  Cards  "  (which  may  be  iUus- 
trated),  giving  actual  weight  of  a  chUd  and  the  proper  weight  for 
height  and  age;  different-colored  stars  for  gains  or  losses;  games, 
stories,  and  plays;  the  making  of  pictures,  posters,  or  food  exhibits; 
placing  children  on  parole  for  a  period  of  from  three  to  six  months; 
appropriate  exercises,  with  presentation  of  some  sort  of  certificate 
when  the  children  have  shown  that  they  are  following  the  rules  of 
health  and  have  made  satisfactory  gains.  It  is  most  important  that 
such  exercises  or  certificates  shall  not  give  the  children  the  impression 
that  they  have  graduated  from  the  observance  of  health  habits.  There 
is  a  real  danger  if  they  are  not  used  as  an  incentive  to  further  progress 
as  well  as  a  recognition  of  past  progress.  Children  should  be  watched 
for  6  months  to  one  year  after  graduation  to  see  that  they  continue  to 
gain  normally.  Due  weight  should  be  given  to  seasonal  variations. 
In  the  spring  and  fall  some  losses  and  gains  may  be  attributed  to 
changes  in  clothing. 

If  classes  are  included  as  a  part  of  the  school  program,  every  effort 
should  be  made  to  hold  them  during  school  hours,  as  the  work  then 
has  the  sanction  of  the  school,  and  both  children  and  teachers  have 
a  better  attitude  toward  it.  If  this  is  impossible,  the  class  should 
meet  after  school,  either  in  the  school  building  or  at  some  place 
near  by. 

Home  Instmcdon  or  Intensive  Work. 

The  necessity  for  home  visiting  is  vital;  whether  we  deal  with 
ehildren  individually  or  in  groups,  or  deal  with  their  mothers  at  the 
place  where  the  class  is  held.  Often  it  is  only  by  a  visit  that  the 
cause  for  unsatisfactory  progress  may  be  discovered.  The  visitor 
may  work  with  the  mother  to  show  her  how  to  correct  unfavorable 
conditions  and  to  encourage  her  in  matters  of  child  discipline.  In- 
struction regarding  the  relation  of  physical  defects  to  malnutrition 

u  When  these  cards  are  given  to  the  children  at  appropriate  intervals  they  may  Include  one  health  hahti 
and  a  recipe  for  a  desirable  food. 
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and  the  necessity  for  good  health  habits,  proper  food,  marketing,  and 
even  food  preparation  may  be  necessary.  Portable  scales  may  be 
used  for  weighing  small  children.  Wherever  it  is  possible  to  see  the 
father  of  the  family,  educational  work  may  be  done  at  a  point  much 
needed. 

Relative  Value  of  Group  and  Intensive  Methods. 

A  combination  of  group  work  and  home  instruction  is  usually  most 
satisfactory.     Their  respective  points  of  advantage  are: 

TJie  group  method, — ^A  larger  number  of  children  may  be  reached 
when  handled  in  groups  and  the  group  spirit  makes  it  possible  to  in- 
terest some  children  who  would  be  reached  with  much  more  dif- 
ficulty individually.  Group  work  lessons  the  amount  of  necessary 
home  visiting  (which  is  expensive)  and  admits  an  easier  appeal  to 
community  interest.  On  the  other  hand,  individual  and  home 
problems  are  not  so  intimately  known  when  group  work  alone  is 
used,  and  causes  of  lack  of  progress  are  often  overlooked.  It  is  well 
to  remember  that  group  work  is  not  generally  successful  unless  the 
group  consists  of  children  of  the  same  age. 

Indimdnal  or  home  vxyrk, — Home  visits  give  more  lasting  results 
than  any  other  method  and  are  essential  for  effective  work  with 
children  of  preschool  age  as  they  are  too  young  to  receive  much 
benefit  by  group  instruction.  They  are  also  essential  for  effective 
work  with  school  children  who  are  held  back  in  their  progress.  They 
are  especially  effective  in  hastening  the  progress  of  children  who  are 
handled  in  groups.  They  are  often  essential  to  prevent  parents 
from  getting  from  children  wrong  impressions  about  the  work  and  in 
correcting  the  misrepresentation  of  home  conditions  by  the  children. 
The  expense  of  the  intensive  method  is  greater  than  that  of  the  group 
method,  but  it  can  not  be  dispensed  with  if  thoroughly  successful 
work  is  to  be  done. 

Pcnnts  to  be  Borne  in  Mind  by  Those  in  Charge  of  Conecdve  Work, 
Whether  Work  Is  Being  Dcme  in  Groups  or  Individually. 

Under  the  statement  concerning  the  causes  of  malnutrition  on 
page  3  the  importance  of  correcting  physical  defects,  of  adequate 
sleep  and  rest,  and  the  observance  of  good  food  and  health  habits 
were  discussed.  It  is  beUeved  that  the  following  suggestions  will 
be  useful  in  emphasizing  these  points: 

JmIc  of  Tiome  discipline. — ^Lack  of  home  discipline  is  one  of  the 
most  important  factors  in  causing  malnutrition,  and  mothers  must 
be  impressed  with  the  importance  of  training  children  to  form  good 
food  and  health  habits.  Parents  must  be  brought  to  see  the  part 
they  can  play  in  the  program  by  helping  children  to  form  good 
health  habits  and  by  providing  them  with  proper  food. 
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Rest  for  the  physically  svbnornud  child. — ^It  is  important  not  onlj 
that  children  have  long  hours  of  sleep  at  night;  with  bedroom  windows 
open,  but  that  their  daily  program  is  not  too  strenuous.  The  tmder- 
weight  child  should  be  relieved  from  all  strain  imtil  he  is  in  nomiAl 
health.  Two  daily  rest  periods,  one  in  the  middle  of  the  morning 
and  one  in  the  afternoon,  are  a  great  help  in  lessening  overfatigue.  '* 
It  is  preferable  that  the  child  actually  rest,  sleep  if  possible,  from  20 
minutes  to  one  hoiu*,  according  to  the  seriousness  of  the  conditioD. 
If  it  is  not  possible  to  induce  the  child  to  sleep  he  should  lie  down 
quietly.  If  necessary,  a  child  may  be  read  to  for  a  few  days  until 
the  resting  habit  is  formed.  The  habit  of  resting  com{detely  is  as 
important  as  eating  correctly.  The  child  should  be  required  to 
bring  to  the  class  a  record  regarding  meal  times,  the  time  spent 
at  meals,  hours  for  going  to  bed  and  getting  up,  houro  spent  at 
school,  •  hours  on  home  lessons,  outside  classes,  music,  dancing, 
languages,  drawing,  clubs,  movies,  etc. 

Improper  food  and  food  habits. — Children  should  be  instructed 
regarding  proper  food  and  good  food  habits,  as  they  can  then  analyze 
their  own  food  habits  and  correct  them  if  required.  As  the  follow- 
up  worker  makes  her  visits,  she  may  discover  what  is  wrong  with 
the  diet  and  suggest  changes.  The  child  may  be  asked  to  bring  to 
the  second  meeting  of  the  nutrition  class  a  record  of  what  he  eats 
(including  food  eaten  between  meals)  for  two  or  three  dayB,  or,  betta* 
still,  for  a  week.  In  the  light  of  such  information,  each  child  may 
be  helped  individually,  and  information  of  this  kind  should  be  ob- 
tained as  often  as  found  advisable.  Some  undernourished  children 
often  gain  more  rapidly  on  five  smaller  meals  a  day  than  on  three 
heavy  meals.  To  meet  this  condition,  it  may  be  advisable  to  give 
mid-morning  and  mid-afternoon  lunches.  Such  lunches  should 
be  given,  however,  only  upon  the  advice  of  a  physician. 

Faulty  health  habits, — The  list  of  a  child's  daily  activities  perhaps 
will  indicate  which  of  his  habits  are  faulty,  and  he  can  be  stimulated 
in  a  dozen  picturesque  ways  to  rest,  brush  his  teeth  r^ularly,  wash 
his  hands  before  every  meal,  take  frequent  baths,  go  to  tlie  toilet 
regularly,  etc.  (See  literature  prepared  by  the  United  States  Bureau 
of  Education,  American  Child  Health  Association,  and  other  oi^ganixa- 
tions  shown  in  the  list  printed  in  appendix.) 

i<  Rest  periods  for  subnormal  children  should  be  secured  in  the  school  where  possible,  and  oots  id^ 
blankets  ^ould  be  available  for  this  purpose.  If  cots  are  not  available,  the  chUd  can  rest  with  the  blanket 
spread  on  the  floor,  newspapers  bein^  placed  under  it  to  avoid  dust.  Under  scune  ooodiUoos  it  iriD  b» 
found  advisable  to  excuse  children  from  school  and  give  them  time  to  rest  at  home  in  the  middle  cftbt 
day,  returning  to  school  for  the  afternoon  session.  Some  authorities  believe  that  it  is  advisable  to  iMre 
a  thin  pillow  placed  under  the  shoulder  blades  of  the  (^d  when  resting  (not  under  his  head)  for  tbt  w- 
rection  of  faulty  posture  common  to  malnourished  children.  Such  a  pillow,  however,  should  be  extrttiiy 
thin,  if  used. 
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CHARTS  AND  RECORDS;  ANAL  YSIS  AND  SUMMAR  Y  OF 
RESULTS, 

It  wUl  be  necessary  to  have,  besides  individual  charts  to  show  the 
progress  of  each  child,  charts  for  the  class,  which  will  show  the 
average  gain  of  the  group. 

The  individual  charts  should  be  as  attractive  as  possible,  and,  as 
they  are  to  be  hung  on  the  wall,  should  be  large  enough  to  be  seen 
easily  by  everybody  in  the  room.  They  should  carry  some  indica- 
tion of  the  average  weight  of  a  child  of  given  height  and  age.  This 
may  be  a  dot  or  a  short  line  one-half  inch  long  put  in  once  every  two 
or  three  months.  It  will  vary  as  the  height  changes.  On  the  chart 
should  be  shown  the  gain  or  loss  each  week  or  each  month  as  the 
child  is  weighed.  Charts  should  furnish  accurate  information  regard- 
ing all  factors  governing  the  weight  of  the  child. 

Efforts  should  be  made  to  record  the  same  essential  information 
in  all  parts  of  the  country.  If  a  standard  record  form  could  be 
adopted  and  used  throughout  the  country  or  even  in  an  entire  com- 
munity, it  would  help  in  the  collection  of  valuable  statistical  data. 
In  devisii^  records,  care  should  be  taken  to  eliminate  unnecessary 
information.  Records  may  be  so  elaborate  as  to  constitute  a  menace 
to  good  work,  but  must  be  carefully  kept  and  provide  adequate 
information  if  sound  conclusions  are  to  be  drawn. 

Points  to  be  recorded  relate  to: 

Sodal  and  family  history. 

Medical  history. 

Physical  examination. 

Notes  of  defects  corrected;  home  visits  made. 

Physical  improvement,  including  gain  in  weight. 

Food  and  health  habits. 

These  points  may  be  put  on  one  record  form  or  separate  forms 
may  be  used. 

Records  for  groups  should  be  studied  and  the  results  should  be 
summarized  so  as  to  set  forth  the  facts  concerning  such  things  as: 

Kactore  contributing  to  malnutrition.  ^ 

Defects  corrected. 
Causes  of  failure  to  improve. 
Extent  of  family  cooperation. 
Improvement  in  food  and  health  habits. 
Modifications  in  children's  school  and  home  programs. 

Amount  of  weii^t  increase  and  improvement  in  posture,  color,  muscular  develop- 
menty  mental  and  physical  activity,  etc. 
l.ength  of  time  required  to  obtain  favorable  results. 

Samples  of  charts  and  records  now  being  used  may  be  obtained 
from  the  New  York  County  Chapter,  American  Red  Cross,  598  Madi- 
son Avenue,  New  York,  N.  Y.;  American  Child  Health  Association, 
370  Seventh  Avenue,  New  York,  N.  Y.;  Elizabeth  McCormick 
Memorial  Fund,  848  North  Dearborn  Street,  Chicago,  111.;  Dietetic 
Bureau,  376  Boylston  Street,  Boston,  Mass.;  Nutrition  Clinics  for 
Delicate  Children,  44  Dwight  Street,  Boston,  Mass. 


MEANS  OF  MAINTAINING  THE  WORK. 

INTEREST  MA  Y  BE  SUSTAINED  B  Y: 

(a)  Printed  reports,  brief  but  interesting,  illustiuted  with  individual  and  group 
charts,  photographs,  etc. 

(6)  Wide  newspaper  comment,  articles  in  magazines,  school  papers,  etc.  (WoAert 
should  be  encouraged  to  make  full  notes  and  to  write  up  interesting  items  and  storiee 
to  be  used  for  publicity.) 

(c)  Programs  before  local  organizations,  clubs,  mothers'  meetings,  etc.,  with  graphic 
exhibits  of  work  and  outline  of  future  needs. 

((f)  Group  competitions  in  which  a  banner  or  pennant  is  given  to  the  class  or  adiool 
making  signal  progress. 

COST  OF  THE  WORK. 

The  nutrition  class,  representing,  as  it  does,  careful,  intensive 
work  with  indivkhiafe,  is  necessarily  a'  relatively  expenmve  metlKKi 
of  fighting  malnutrition  and  should  be  reserved  for  children  assigned 
to  it  as  the  result  of  medical  examination. 

In  the  report  of  the  National  Child  Health  Council's  Advisor}- 
Committee  on  Health  Education  an  estimate  of  the  cost  of  a  school 
health  program  in  a  town  of  25,000  to  30,000  people  may  be  found, 
but  sufficient  data  are  not  available  to  admit  an  authoritative 
statement  as  to  the  average  cost  per  child  of  nutrition  class  work. 
This  depends,  of  course,  upon  the  progress  made  by  the  child  and 
the  length  of  time  he  stays  in  the  class,  the  number  of  home  visits 
which  are  necessary,  and  many  other  matters.  This  matter  is  one 
which  needs  careful  study. 

The  apparent  cost  of  the  work  will,  to  a  great  extent,  depend 
upon  the  facilities  already  possessed  by  the  conmiunity  which  can 
be  used  to  carry  it  on.  The  use  of  existing  personnel  or  facilities 
for  additional  work,  however,  is  a  matter  for  earnest  consideration. 
It  is  often  found,  for  example,  that  the  school  physician  is  already 
overburdened  with  the  regular  work  of  medical  inspection  or  perhaps 
simply  with  the  control  of  communicable  disease;  that  the  home 
economics  supervisor  and  the  school  nurse  are  overworked  or  need 
supplemental  training  for  nutrition  work.  In  such  cases  one  of  thf 
first  objectives  should  be  to  see  that  the  staff  in  the  schools  is  made 
more  adequate. 

Many  physicians  are  willing  to  give  volunteer  service,  but  so 
much  is  already  demanded  in  this  line  that,  if  possible,  it  is  only  fair 
to  pay  for  such  work.     In  certain  communities  half  the  time  of  a 
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younger  man  interested  in  nutrition  and  preventive  work  may  be 
secured  from  $150  to  $200  a  month. 

The  salaries  of  field  nutrition  workers  range  from  $100  for,  an 
assistant  worker,  just  graduated  from  her  training  in  food  economics 
or  nutrition,  to  $125  or  $150  a  month  for  more  experienced  workers. 
For  a  supervisor  of  the  kind  mentioned  on  page  1 1  it  may  be  necessary 
to  pay  from  $150  to  $250  per  month.  Provision  should  be  made 
for  salary  increases  as  the  work  progresses. 

Most  communities  of  the  size  under  consideration  already  possess 
public-health  nurses,  hospitals,  and  dispensaries  and  some  have 
health  centers.  Where  these  are  inadequate  they  should  be  devel- 
oped, but  this  should  be  done  as  part  of  a  general  community  health 
program  and  not  be  considered  a  legitimate  charge  against  the 
nutrition  program.  The  parents  of  a  majority  of  children  will  be 
found  able  to  pay  reasonable  fees  for  the  correction  of  physical 
defects,  and,  almost  without  exception,  they  are  able  to  pay  for  the 
food  served  in  the  schools. 

It  may  be  necessary  for  some  individual  or  private  organization 
to  take  the  lead  in  financing  the  physician  and  the  first  nutrition 
worker  or  workers.  In  several  communities  the  women's  clubs  or 
parent-teacher  associations  have  paid  the  salary  of  the  first  nutrition 
worker,  while  the  Junior  Red  Cross  has  often  paid  for  the  milk 
which  a  few  children  could  not  afford  to  buy.  In  some  cases  the 
Red  Cross  has  financed  the  salary  of  a  nutrition  worker  until  the 
work  could  prove  its  value. 

Often  some  public-spirited  individuals  or  a  private  organization 
must  finance  the  experimental  work  necessary  to  prove  the  wisdom 
of  a  new  idea,  but  such  a  service  as  that  for  the  malnom*ished  child 
belongs  so  essentially  to  the  community  at  large  that  the  cost  of  the 
work  should  eventually  be  borne  by  the  public.  While  it  is  true  that 
at  present  few  of  our  public  agencies  are  equipped  to  carry  on  this 
educational  work  or  have  standards  and  ideals  equal  to  those  of  the 
private  agencies,  the  aim  should  be  to  make  public  agencies  truly 
serviceable  in  the  health  program. 


POINTS   TO   BE    CONSIDERED  IN    RURAL 

DISTRICTS. 

IN  the  rural  sections  of  the  country  mahiutrition  must  be  fought 
largely  by  means  of  a  program  of  general  health  education  in  the 
schools.  If  this  is  to  be  effective,  however,  efforts  must  be  ma<l(* 
to  arouse  the  interest  of  rural  communities  and  to  see  that  rural  teacher> 
are  given  more  adequate  preparation  for  health  training  and  instnic- 
tion.  In  some  communities  progress  has  been  made  by  employiJi? 
coimty  supervisors  of  health  education  or  nutrition  to  meet  the  grade 
teachers  periodically  and  train  them  to  give  effective  instruction  re- 
garding health  and  nutrition.  After  such  educational  work  has  been 
done,  however,  there  will  still  be  need  for  intensive  work  in  the  nu- 
trition class,  and  conditions  in  the  rural  community  give  rise  to  many 
perplexing  problems  as  to  the  practicability  of  segregating  the  malH 
nourished  group,  conducting  classes,  correcting  defects,  obtaining 
medical  supervision,  and  other  matters. 

AROUSING  AND  SUSTAINING  INTEREST. 

Movements  which  have  been  approved  by  national  or  State  agen- 
cies have  much  more  standing  in  the  average  rural  community  than 
those  not  so  indorsed.  In  opening  the  campaign  in  rural  districts  it 
will  be  well,  therefore,  to  procure  in  advance  and  have  ready  for  dii^- 
tribution  letters  of  indorsement  from  all  State  educational  agencie? 
which  deal  with  health  education  and  nutrition  work.  Literal ur*" 
issued  by  national  organizations,  showing  the  widespread  character 
of  nutrition  work  and  the  benefits  which  have  followed  it  in  various 
parts  of  the  coimtry,  also  will  be  of  value.  .  In  stressing  the  extent  oi 
malnutrition  in  the  early  stages,  State  and  national  figures  should  b<- 
given  instead  of  local  data.  In  discussing  the  local  situation  it  if- 
always  better  to  present  the  positive  rather  than  the  n^ative  viev 
showing  State,  county,  and  community  achievements  in  health  work, 
stressing  the  advantages  to  health  which  should  accrue  from  rural  lif(* 
and  thus  inspiring  the  commimity  to  realize  its  best  possibilities. 

In  starting  the  work  a  committee  should  be  formed  of  individuals 
whose  civic  interests  will  make  them  eflScient  allies.  The  person;* 
who  naturally  would  be  members  of  such  a  committee  are  the  locJ 
physicians,  county  superintendent  of  schools,  teachers,  the  hoaf 
demonstration  agent,  and  the  public-health  nurse  (whether  emplovrf 
by  the  county  tuberculosis  association  or  Red  Cross  chapter).  R<p" 
resentatives  of  the  commimity  center,  social  organizations,  sudi  •■ 
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the  grange,  farm  bureau,  farmers'  clubs,  and  religious  organizations, 
should  be  on  the  committee.  The  rural  editor  or  reporter  should  be 
made  an  active  cooperator  in  the  work  as  he  can  give  valuable  assist- 
ance in  obtaining  publicity,  and  the  aid  of  the  librarian  and  all  public- 
spirited  citizens  should  be  sought.  The  chairman  of  the  central  com- 
mittee should  be  primarily  an  individual  well  known  and  respected 
ill  the  conmiunity. 

Exhibits  may  be  held  in  the  village  store,  at  comriiunity,  county 
or  State  fairs,  poultry  or  other  shows,  school  entertainments,  rural 
teachers'  institutes,  and  at  meetings  of  the  grange,  farm  bureau,  or 
other  social,  religious,  or  educational  organizations. 

It  is  valuable  to  obtain  speakers  from  a  distance,  but  local  talent 
should  not  be  ignored.  Local  physicians,  nutrition  workers,  nurses, 
ministers,  and  resident  representatives  of  any  interested  county, 
State,  or  national  agency  are  often  able  to  make  valuable  contribu- 
tions, and  it  is  frequently  possible  to  find  in  the  community  a  married 
woman,  who  has  been  trained  in  home  economics  or  nursing,  who  will 
help  with  the  campaign. 

After  the  community  has  been  aroused  to  an  appreciation  of  the 
necessity  of  the  work,  a  weighing  and  measuring  campaign  should  be 
instituted  and  effort  should  be  made  to  have  at  least  all  children  10 
per  cent  or  more  below  the  average  weight  given  a  thorough  physical 
examination  and  to  see  that  all  discovered  defects  are  promptly 
corrected. 

When  the  work  has  been  in  progress  for  a  suflBcient  length  of  time 
achievement  meetings,  held  in  the  school  or  other  center,  are  valuable 
in  sustaining  interest.  The  school  board  and  commissioners,  as  well 
as  the  parents,  should  be  invited  to  such  meetings.  A  limch,  served 
by  the  pupils  at  these  meetings,  is  often  effective  in  arousing  interest. 
General  meetings  should  be  held  at  places  where  the  largest  number 
of  persons  may  be  reached  and  should  be  advertised  sufficiently  far 
ahead  so  that  parents  will  plan  to  attend.  Playlets  given  by  the 
children  will  always  be  interesting  to  parents,  particularly  to  those 
with  children  in  the  cast. 

COMMUNIT  Y  CONDITIONS  WHICH  MA  Y  CONTRIBUTE 
TO  MALNUTRITION. 

A  survey  of  community  conditions  should  be  made  to  bring  out  the 
factors  influencing  malnutrition,  in  accordance  with  the  discussion  on 
pages  3-5.  Factors  of  the  kind  mentioned  in  the  following  para, 
graphs  should  be  particularly  considered  in  rural  districts. 

'Hie  lack  of  medical  and  dental  service  in  rural  communities  is  a 
very  important  factor  in  influencing  malnutrition.  Information 
regarding  names  and  addresses  of  county  physicians  and  nurses,  and 
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the  names  of  city,  county,  and  State  health  officers,  the  location  and 
telephone  number  of  the  nearest  hospital,  and  the  names,  addresses, 
and  telephone  numbers  of  physicians,  nurses,  and  dentists  in  near-bj 
towns,  if  collected  and  distributed  to  every  rural  home,  should  be  of 
benefit  in  helping  to  bring  country  people  into  contact  with  those 
competent  to  give  medical,  nursing,  or  dental  care.  Traveling 
clinics  have  furnished  services  of  inestimable  value  in  certain  rural 
regions.  Health  motor  cars,  supported  by  cooperating  counties,  also 
have  proved  their  worth  in  several  States.  In  one  county  in  Ohio 
the  local  dental  association  made  available  the  equipment  for  a 
traveling  dental  clinic  and  paid  the  salary  of  the  dentist  who  accom* 
panied  it.  The  employment  by  a  county  of  one  or  two  itinerant 
dental  hygienists  should  prove  valuable. 

While  most  farms  have  vegetable  gardens,  there  is  often  a  great  lack 
of  variety  in  the  vegetables  grown  and  a  marked  deficiency  in  the 
amount  of  green  vegetables.  In  few  instances  is  a  sufficient  amount 
of  vegetables  grown  for  use  during  the  producing  months;  much  less 
often  is  the  supply  large  enough  to  permit  some  to  be  canned  or  dried 
for  winter. 

Although  there  is  usually  at  least  one  dairy  cow  for  each  farm,  in 
many  instances  all  of  the  milk  is  sent  to  the  creamery,  with  either 
no  reservation  or  an  insufficient  one  for  the  children  in  the  farmer's 
family.  In  some  localities,  particularly  in  the  South,  mimy  fanneis 
are  without  cows  and  fresh  milk  is  scarce. 

Usually  the  main  meal  in  the  rural  home  is  served  at  noon,  when  the 
school  children  are  often  absent,  and  too  frequently  the  school  chil- 
dren do  not  get  a  sufficient  amount  of  nourishing  food  in  the  evening. 
In  some  instances  rural  children  get  no  hot  meal  whatever  during  the 
day,  since  they  have  a  cold  lunch  at  school  while  the  family's  hot 
meal  is  being  served  at  noon. 

Coffee  and  tea  drinking  is  very  common  among  rural  children,  who 
often  lack  the  very  essentials  of  a  proper  diet  which  one  would  expect 
to  find  in  the  country,  such  as  unskimmed  milk,  butter,  and  green 
vegetables.  In  too  many  instances  these  food  essentials  are  shipped 
away,  little  or  none  being  left  for  the  children  of  the  home. 

The  rural  schoolroom  is  often  badly  ventilated  and  efforts  to  con- 
serve fuel  at  home  mean  that  many  rural  children  breathe  much 
bad  air. 

In  many  instances  the  water  supply  for  the  rural  school  is  distant, 
and  the  children  take  little  water  during  the  day.  Rural  children 
often  have  long  distances  to  walk  to  school  and  back  and  are  some- 
times given  heavy  chores  at  home,  and  these  activities  increase  their 
energy  requirements  and  induce  overfatigue. 
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The  lack  of  sanitary  conveniences  in  many  farm  and  school  houses 
also  has  an  important  bearing  on  the  health  of  rural  children. 

CENTERS  FOR  SERVICE,  EQUIPMENT,  AND  STAFF, 

For  children  under  school  age,  the  grange  hall,  the  school  or  other 
community  center,  and  the  church  generally  offer  convenient  places 
for  the  conduct  of  nutrition  work.  The  accessibility  of  the  center 
should  be  carefully  considered,  and  wherever  possible  the  schools 
should  be  equipped  with  health  rooms,  which  will  make  them  useful 
as  locations  for  work  with  the  preschool  as  well  as  the  school  child. 

In  most  rural  communities  the  church  or  school  is  used  as  the 
center  for  so  many  activities  that  creed  differences  are  not  important. 
Where  these  differences  are  sharp,  however,  lines  are  drawn  which 
make  the  use  of  the  church  inadvisable. 

For  the  child  of  school  age,  the  school  probably  will  be  the  most 
convenient  place.  Permission  to  use  the  school  building  during 
school  hours  must  be  obtained  from  the  county  superintendent  of 
schools  or  the  rural-school  trustees  or  committee.  Rural  children 
often  have  far  to  go  to  reach  home,  and  in  almost  all  instances 
weighing  and  measuring  must  be  done  during  school  hours.  The 
approval  of  the  superintendent  usually  is  readily  obtained  when  the 
matter  has  been  fully  explained.  It  is  very  essential  that  the 
teacher's  enthusiastic  cooperation  be  secured,  for  health  education  in 
the  school  must  be  left  in  her  hands. 

In  the  beginning  the  only  equipment  that  can  be  expected  in 
most  rural  schools  is  a  set  of  scales,  individual  and  class  weight 
charts,  and  a  simple  hot  lunch  equipment. 

Weighing  and  measuring  may  be  done  by  the  teacher  or  some  other 
person,  and  local  physicians  are  usually  entirely  willing  to  give 
physical  examinations  to  those  10  per  cent  or  more  underweight. 
If  physicians  are  not  available,  examinations  may  be  given  by  a 
nurse.  Consultant  service  of  a  trained  nutrition  worker  should  be 
available  wherever  possible  for  advice  and  guidance  in  nutrition 
problems.  Such  a  person  may  be  employed  on  part  time  provided 
the  necessary  connections  can  be  made,  and  if  there  is  in  the  com- 
munity a  married  woman,  well  trained  in  home  economics,  or  some 
local  worker  such  as  a  home  demonstration  agent,  Red  Cross  nutrition 
worker,  or  itinerant  Smith-Hughes  home  economics  teacher,  her 
services  may  well  be  utilized. 

When  the  community  is  not  provided  with  dental  services,  an 
itinerant  dentist  may  be  secured.  In  one  county  in  which  nutrition 
work  on  an  intensive  scale  was  done,  the  dental  association  supplied 
the  equipment  for  a  traveling  clinic  and  assisted  in  paying  the  dentist. 
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FINANCING  THE  WORK. 

In  the  rural  districts  public  supjport  for  this  work  will  usually  come 
slowly,  but  when  it  is  well  established  and  the  parents'  indorsement 
has  been  secured,  interest  spreads  rapidly  and  county  commissioners 
often  may  be  induced  to  appropriate  fimds,  especially  for  the  hot 
midday  meal  at  school. 

The  importance  of  a  nourishing  noon  meal  should  be  emphasized 
at  rural  teachers'  institutes,  and  the  character  and  cost  of  scales  and 
hot  limch  equipment  and  ways  and  means  of  meeting  such  expenses 
form  fruitful  subjects  for  discussion.  In  many  rural  districts  county 
officials  will  not  vote  funds  until  the  midday  meal  at  school  has  been 
tried  out;  in  such  cases  entertainments  have  been  given  to  raise  the 
money. 

OBTAINING  HOME  COOPERATION. 

The  objects  of  the  work  should  be  carefully  explained  to  the  public 
at  some  local  church  or  social  meeting,  and  parents  should  indorse 
the  plan  before  work  is  started  with  their  children.  Home  coopera- 
tion is  fimdamental  and  home  contacts  should  be  made  through  a 
resident  trained  worker,  if  possible,  such  as  the  county  nurse  or  home 
demonstration  agent.  If  they  are  not  available,  some  other  local 
person  should  be  trained  for  the  purpose,  since  a  temporary  worker 
in  the  community  usually  is  considered  an  intruder.  Home  visits 
are  essential,  for  without  the  personal  touch  parents  have  but  little 
information  as  to  what  is  developing.  They  have  not  the  means  for 
obtaining  information  possessed  by  the  lurban  resident.  Mothers  and 
fathers  should  be  urged  to  come  to  the  class  while  the  children  are 
being  weighed  and  remain  after  the  weighing  for  special  discussion. 

Valuable  contacts  may  be  made  by  having  one  or  two  especially 
tactful  mothers  of  children  who  have  gained  visit  the  homes  of 
children  who  have  not  gained.  Experience  of  friends  and  neighbors 
will  often  be  accepted  by  the  rurid  woman  where  the  dictum  of  a 
trained  worker  would  not  be  accepted.  Sometimes  it  will  be  found 
that  the  child's  nutrition  is  considered  a  matter  too  personal  for  an 
outsider  to  discuss.  Reports  concerning  the  progress  of  children  who 
have  gained  will  help  to  stimulate  parents  of  undernourished  children 
to  bring  them  into  the  gaining  group. 

THE  EDUCATIONAL  POSSIBILITIES  OF  THE:  LUNCH  IN 
THE  RURAL  SCHOOL 

The  fact  that  the  rural  child  is  in  school  all  day,  and  that  the 
luncheon  hour  is  something  of  a  social  occasion,  gives  rise  to  sn 
opportunity  for  dbcussing  nutrition  in  a  natural  way.     The  rural 
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teacher  usually  knows  conditions  in  the  homes  of  the  children  more 
intimately  than  the  urban  teacher,  and  this  often  makes  it  possible 
to  do  unusually  effective  educational  work  during  the  lunch  hour* 
Home  interest  usually  will  be  reflected  in  better  lunches  brought  to 
the  school;  and,  if  its  educational  possibilities  are  utilized,  the  hot 
midday  meal  at  school  will  have  an  important  influence  on  home  diet. 
Milk  may  be  brought  to  school  individually,  by  the  children  in 
quantity,  by  children  taking  turns,  or  by  some  children  who  fmtiish 
it  regularly  for  the  entire  group,  the  members  of  which  will  pay  the 
cost.  Whoever  supervises  the  work  should  see  that  every  precau- 
tion is  taken  to  keep  the  milk  cool  and  sweet  and  to  safeguard  its 
purity  and  quality  by  securing  it  from  sources  approved  by  local 
health  authorities.  Where  milk  can  not  be  secured  that  has  been 
pasteurized  or  proved  pure  by  expert  test,  it  is  always  safer  to  boil 
it.  In  locaUties  where  the  local  supply  of  milk  is  unsatisfactory, 
either  because  of  quality  or  availability,  powdered  milk  may  be  made 
to  serve  almost  as  well  as  fresh  milk,  especially  for  soup  or  cocoa. 


APPENDIX. 

Some  Good  Food  Habits.^ 

AT  leaet  a  pint  of  clean,  pure  milk  a  day — a  quart  wherever  i>068ible.    Where  a 
quart  is  used,  it  is  preferable  that  not  more  than  one  cupful  or  glassful  should 
be  drunk  at  each  meal;  the  remainder  should  be  used  on  cereals  and  in  cooked 
foods,  such  as  creamed  vegetables  and  meats,  custards,  junket,  and  blanc 
mange.' 
At  least  two  v^etables  every  day;  a  green  or  leafy  vegetable  two  or  three  times  a 

Bread  and  butter,  or  whole  grain  cereal  with  unskinuned  milk,  in  some  form  at  every 
meal. 

Fresh  fruit  every  day. 

Some  eggs,  poultry,  or  meat  every  day.  (Preferably  meat  should  not  be  used  at 
night.) 

No  tea  or  coffee. 

No  sweets  between  meals. 

Chew  food  thoroughly.    Do  not  wash  it  down  with  liquids. 

Eat  slowly;  sit  down  at  mealtimes. 

Some  Good  Health  Habits.^ 

Drink  three  or  four  glasses  of  water  every  day.  (One  glass  should  be  taken  inunedi- 
ately  upon  arising.) 

Sleep  each  night  the  number  of  hours  indicated  below.'  Bedroom  windows  should 
be  opened  wide,  and  children  should  be  covered  warmly  in  cold  weather. 

Hours. 

4  and  5  years,  at  least 12 

6  and  7  years 11 J 

8  and  9  years 11 

10  and  11  years lOJ 

12  and  13  years 10 

Play  out  of  doors  for  at  least  two  hours  every  day  unless  it  is  considered  desirable 
to  rest  instead.    When  weather  does  not  permit  going  out  of  doors,  play  indoors  with 

windows  open. 

_^_.^_^_^_^^______ ^___  ( 

>  These  habits,  in  general,  should  be  observed  by  children  in  varying  conditions.  Modifications  with 
regard  to  food,  rest,  and  play,  however,  should  be  made,  under  proper  direction,  for  children  of  low  phjrsical 
vitality. 

>  IS,  in  the  judgment  of  the  physician,  a  child  is  not  getting  enough  milk,  but  has  a  diet  already  suffldeoUy 
high  in  calories,  milk  should  be  substituted  for  a  porticm  of  the  food  already  given,  otherwise  overfeeding 
may  result.  This  is  particularly  true  for  children,  2  years  old  or  more,  who  have  a  fair  amount  of  meat  In 
the  diet.    In  such  cases  it  is  usually  inadvisable  for  milk  to  be  drunk  with  the  midday  or  main  meal. 

>  A  rest  period  may  be  necessary  during  the  day  in  addition  to  the  number  of  hours  indicated. 

To  obtain  this  much  sleep  diildren  of  the  various  ages  indicated  should  go  to  bed  at  about  the  times 
shown  below: 
4  years,  not  later  than  630. 
5-7  years,  not  later  than  7. 
8-11  years,  not  later  Chan  8. 
12-14  years,  not  later  than  9. 
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Have  a  natural  bowel  movement  every  day,  preferably  in  the  morning  lig^t  after 
breakfast. 

Wash  hands  before  eating  and  after  going  to  toilet. 

Always  carry  a  handkerchief  and  be  careful  to  protect  other  people  by  holding  it 
over  the  mouth  and  the  nose  and  bowing  the  head  when  coughing  or  sneezing. 

Brush  the  teeth  at  least  once  a  day,  especially  before  going  to  bed. 

Take  a  full  tub  or  sponge  bath  at  least  once  a  week. 

NATIONAL  CHILD  WELFARE  AND  HEALTH  AGENUES 
FROM  WHOM  SPEAKERS  AND  EXHIBIT  MATERIAL 
MA  Y  BE  OBTAINED. 

{No  attempt  has  been  made  to  make  these  lists  all  inchisive.   Exoellait  sources  have  doDbUcas  beeo 

omitted.] 

Speakers. — ^The  agencies  listed  below  give  terms  on  application.  As  a  rule,  epeakera 
from  these  sources  prefer  to  discuss  child  health  and  welfare  in  general,  considenng 
malnutrition  as  related  thereto.    Those  starred  discuss  malnutrition  more  especiaUy. 

American  Child  Health  Association,  370  Seventh  Avenue,  New  York,  N.  Y. 

American  Red  Cross,  Washington,  D.  C,  and  divisional  headquarters  at  Boston^ 
Atlanta,  Chicago,  St.  Louis,  and  San  Frandsco. 

American  Sdiool  Hygiene  Association,  1101  Fulton  Building,  Pittsburg,  Fa. 

Bureau  of  Education,  United  States  Department  of  the  Interior,  Wa8hiQg:ton,  D.  C. 

Children's  Bureau,  United  States  Department  of  Labor,  Washington,  D.  C. 
•Elizabeth  McCormick  Memorial  Fund,  848  North  Dearborn  Street,  Chicago,  UL 

National  Child  Labor  Committee,  105  East  Twenty-second  Street,  New  York,  N.  Y. 

National  Tuberculosis  Association,  370  Seventh  Avenue,  New  York,  N.  Y. 
•Nutrition  Clinics  for  Delicate  Children,  44  Dwight  Street,  Boston,  Mass. 

United  States  Public  Health  Service,  Washington,  D.  C. 

Exhibit  material  and  literature. — Pamphlets,  bulletins,  charts,  posters,  lantern  slides 
or  films  on  health  and  nutritional  subjects  may  be  secured  from  the  following  agencies 
which  will  furnish  full  information  regarding  the  exact  kinds  of  material  available 
and  terms  upon  which  it  may  be  obtained: 

American  Child  Health  Association,  370  Seventh  Avenue,  New  York,  N.  Y. 
(Reprints  from  '* Mother  and  Child. '*)  (Exhibits,  pamphlets,  posters,  lantern  slides; 
performances  by  dramatic  characters.) 

American  Medical  Association,  535  North  Dearborn  Street,  Chicago,  111.  (Pam* 
phlets,  posters,  and  lantern  slides.) 

American  Red  Cross,  Washington,  D.  C,  and  divisional  headquarters  at  Atlanta* 
Boston,  Chicago,  St.  Louis,  and  San  Francisco. 

Association  for  Improving  the  Condition  of  the  Poor,  105  East  Twenty-second  Street, 
New  York,  N.  Y,    (Posters  and  food  charts.) 

Bureau  of  Social  Education,  National  Board,  Young  Women's  Christian  AssociatiiHt, 
600  Lexington  Avenue,  New  York,  N.  Y  (Pamphlets,  posters,  lantern  slidfis,  and 
motion  pictures  of  interest  to  girls  in  their  teens.) 

Children's  Bureau,  United  States  Department  of  Labor,  Washington,  D.C.  (Bd- 
letios,  lantern  slides,  wall  panels,  films,  and  charts.) 

Committee  on  Foods  and  Nutrition,  National  Research  Council,  1701  Maasacbuaetti 
Avenue,  Washington,  D.  C. 

EUzabeth  McCormick  Memorial  Fund,  848  North  Dearborn  Street,  Chicago,  111. 
(Exhibits,  posters,  lantern  slides,  films,  and  pamphlets.) 

Joint  Committee  on  Health  Problems  in  Education,  Dr.  Thomas  D.  Wood,  523 
West  One  hundred  and  twentieth  Street,  New  York,  N.  Y.    (Set  of  58  health 
lantern  slides,  and  pamphlet  reports.) 
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Lying-in  Hospital,  426  East  Pifty-firet  Street,  Chicago,  111.  (Film  "Starting  the 
Baby  Right.") 

National  Dairy  Council,  910  South  Michigan  Avenue,  Chicago,  111.  (Booklets, 
posters,  lantern  slides,  and  devices.) 

National  Organization  for  Public  Health  Nursing,  370  Seventh  Avenue,  New  York, 
N.  Y.    (Lantern  slides,  films,  and  pamphlets.) 

National  Tuberculosis  Association,  370  Seventh  Avenue,  New  York,  N.  Y.  (Films, 
health  playlets.  Modem  Health  Crusade  material.) 

Office  of  Home  Economics,  States  Relations  Service,  United  States  Department  of 
Agriculture,  Washington,  D.  C.  (Charts  and  bulletins  on  composition  of  food 
materials,  food  selection  and  meal  planning,  and  children's  diet — the  last  for  both 
white  and  colored  children.) 

United  States  Bureau  of  Education,  Washington,  D.  C.  (Bulletins,  classroom 
weight  records.) 

United  States  Public  Health  Service  Washington,  D.  C.  (Literature  and  samples 
of  forms.) 

Many  State  departments  of  health  or  education  and  also  extension  departments  of 
State  universities  can  furnish  excellent  material.  For  further  suggestions,  see 
Nutrition  Bibliography  compiled  by  the  New  York  Nutrition  Council,  issued  by 
Health  Service,  American  Red  Cross,  New  York  County  Chapter,  598  Madison  Avenue, 
New  York,  N.  Y. 

DEFINITION  OF  MALNUTRITION. 

Malnutrition  is  a  term  conunonly  applied  to  a  condition  of  general  physical  sub- 
normality  in  children.  Certain  characteristic  symptoms  and  x)athological  signs  are 
Tisually  present  which  indicate  unmistakably  that  there  is  a  lack  of  proper  development. 

Standards  for  identification. — Probably  the  most  simple  test  of  a  child's  physical 
condition  is  the  relation  of  his  weight  to  his  age  and  height.  Other  important  con- 
siderations are  muscular  development  and  tone,  animation  and  endurance,  and  the 
color  and  condition  of  the  skin  and  visible  mucous  membranes. 

Extended  clinical  studies  of  individual  cases  have  shown  that  any  child  who  is 
habitually  10  per  cent  or  more  underweight  for  his  age  and  height  should  be 
classed  in  the  group  needing  a  thorough  examination  to  determine  exactly  the 
responsible  factors  and  appropriate  treatment  required.  At  the  other  extreme  are 
those  leas  frequent  cases  of  children  who  usually  show  by  a  condition  of  obesity  that 
they  are  not  developing  normally  or  are  being  overfed.  Clinical  evidence  indicates 
that  when  a  child  is  20  per  cent  above  the  average  weight  for  his  age  and  height,  as 
a  rule,  he  has  reached  a  point  which  may  be  considered  abnormal,  where  he  begins 
to  show  lessened  activity  and  a  general  lowering  of  health,  convenience,  and  com- 
fort; but  here  also,  a  thorough  examination  is  most  important. 

In  underdeveloped  or  imdemourished  children  there  will  often  be  found,  besides 
the  usual  underweight,  some  or  all  of  the  following  conditions:  Lines  under  the  eyes, 
anxious  expression,  pallor,  mouth  breathing  and  other  indications  of  nasopharyngeal 
obstruction;  enlargement  of  the  cervical  glands,  fatigue  posture,  round  shoulders, 
lateral  curvature,  flat  chest,  rigid  spine,  ptosis,  prominent  abdomen,  pronated  or 
flat  feet.  By  fatigue  posture  is  meant  an  appearance  similar  to  the  stoop  which 
results  from  muscular  weakness  in  old  age.  Not  all  imderdeveloped  children  present 
these  mgDB,  but  the  majority  present  some  or  many  of  them.  Many  of  these  children 
evince  extreme  restlessness,  nervousness,  tenseness,  and  irritability,  while  others 
develop  an  extreme  lassitude. 

While  the  majority  of  children  who  need  special  attention  because  of  undernour- 
ishment will  be  found  among  the  group  that  is  below  weight  for  age  and  height,  there 
is  a  small  percentage  that  show  a  relation  between  weight  for  age  and  height  that  is 
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equal  to  the  average,  but  nevertheleflB  fall  below  par  in  other  respects.  These 
children  may  be  suffering  from  an  inhibition  in  development,  but  this  can  not  be 
determined  definitely  without  taking  inheritance  *  and  general  vitality  into  account. 
Under  a  suitable  health  regime,  with  defects  eliminated,  such  children  usuiQy 
manifest  a  capacity  for  growth  in  both  weight  and  height. 

There  are  also  occasional  individuals  who  are  up  to  average  standards  of  weight 
and  height  but  are  flabby  and  inactive  and  show  other  signs  associated  with  mal- 
nutrition. Underlying  such  a  condition,  if  it  is  not  due  to  muscular  inactivity,  may 
be  some  tbxic  cause,  hookworm  or  a  <ii8ea8e  due  to  nu&itional  deficiency  or  disturb- 
ance. Malnutrition  may  be  a  symptom  of  many  serious  oiganic  conditions,  such  as 
tuberculosis,  cardiac  disease,  syphilis,  nephritis,  or  diabetes,  or  of  grave  anemia  or 
previous  acute  illness,  etc.  Such  cases  as  these  clearly  should  not  be  diagnosed  u 
cases  of  malnutrition,  and  before  children  are  to  be  considered  as  simply  suffering 
from  malnutrition  these  things  should  be  excluded.  It  is  also  important,  in  judging 
whether  a  child  is  making  proper  progress  in  physical  development,  to  take  careful 
account  of  variations  in  growth  which  have  been  observed  during  certain  seaaona. 

Characteristic  signs  of  improvement. — ^As  children  who  are  underweight  and  below 
par  physically  approach  average  weight  there  is  usually  evidence  of  a  tranafcHinatioii 
that  is  both  physical  and  mental.  There  is  a  return  of  color  and  a  glow  of  health  that 
is  unmistakable.  Normal  reactions  appear;  those  dull  and  listless  become  bright 
and  alert,  in  others  restlessness  and  irritability  diminish,  the  child  becoming  lees 
^'finicky  and  nervous."  Parents  often  state  that  the  patient  ''has  become  a  different 
child." 

When  physical  defects  have  been  corrected  and  an  imderdeveloped  child  has 
become  what  may  be  designated  as  ''free  to  gain,"  nature  supplies  a  strong  impulse 
to  his  development.  This  is  usually  evidenced  by  a  rapid  advance  in  weight,  the 
rate  of  which  is  gradually  reduced  as  he  approaches  normal  condition. 


*  It  is  impossible  for  a  lajmian  to  teU  whether  an  excess  of  weight  for  height  or  the  reverse  is  a  nflnnal 
result  of  heredity  and  even  physicians  and  trained  examiners  should  (  nly  be  Influenced  by  such  coociner  • 
ations  after  careful  study  of  all  factors. 
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^ijttEiCAN  Child  Hyoibne  Association.  .  Fritz  B.  Talbot.  M.  D.,  311  Beacon  Street, 

Boston.  Mass. 

American    Home    Ek^ONOMics    Associa- 
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Service,  Washington,  D.  C. 
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Center  Association,  New  York,  N.  Y. 

Xahonal  Research  Council E.  V.  McCollum,  Ph.  D.,  Sc.  D.,  Professor 

of  Chemical  Hygiene.  School  of  Hygiene 
and  Public  Health,  The  Johns  Hopkins 
University,  Baltimore,  Md. 

National  Tuberculosis  Association  ...  H.  R.  M.  Landis,  M.  D.,  1818  South  Ritten- 

house  Square.  Philadelphia,  Pa. 

Ukfted  States  Bureau  of  Education  . . .  Henrietta  W.  Calvin,  Specialist  in  Home 

Economics,  Washington,  D.  C. 

UNrrED  States  Children's  Bureau Anna  E.  Rude,  M.  D.,  Director  Division 

of  Hygiene,  Washington,  D.  C. 

UwrTED  States  Department  of   Agri- 
culture  y C.  F.  Langworthy,  Ph.  D.,  Chief,  Office  of 

Home  Economics,  Washington,  D.  C, 
and  Florence  E.  Ward,  in  Charge  Proj- 
ects and  Programs,  Eastern  States, 
Office  of  Extension  Work,  Washington. 
D.  C. 

UNrrED  States  Public  Health  Service  . .  Joseph  Goldberger,  M.  D.,  Surgeon,  Wash- 
ington, D  .0. 
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Ageodes  from  whom  speakers  and  exhibit  material  may  be  obtained 30 

Auxiliary  workers 13 

Ctmee  of  malnutrition 3, 17 

Centers  for  nutrition  work: 
Rural  districts — 

Equipment  and  staff 25 

Urban  districts — 

Equipment  and  staff 10-13 

Location 10 

Characteristic  signs  of  improvement  in  cases  of  malnutrition 32 

Cliartsand  records - 19 

Clan  methods 15-16 

Community  conditions  contributing  to  malnutrition: 

Rural  districts 23-25 

Urban  districts 5 

Community  health  program,  place  of  nutrition  work  therein vi 

Corrective  work: 

Agencies  useful  for  conduct  of 2 

Facilities  and  methods  for 10-13 

For  preschool  children 13 

For  school  children 14 

Cost  of  work 20 

Defects,  physical: 

Correction  of 15 

Importance  of  as  influencing  malnutrition 3, 15 

Definition  of  nudnutrition 31 

Devices  for  stimulating  interest  in  campaign 20 

Diet,  influence  on  nutrition 4, 18 

Discipline  in  home,  effect  on  nutrition 17 

Doctor's  services.    (See  Physician's  services.) 

Daplication,  avoidance  of,  in  nutrition  work 2 

En\'ironment,  influence  on  nutrition: 

Rural  districts 23 

Urban  districts 5 

Equipment  necessary  in  corrective  nutrition  work 10-11 

Examinations,  physical 2»  14, 25 

Exhaustion,  influence  on  nutrition 3^4 

Exhibit  material,  speakers,  etc. ,  agencies  from  which  to  obtain 30 

Fimmcing  nutrition  work: 

Rural  districts 26 

Urban  districts 1,2,20 

Food  and  health  habits: 

Good  habits 29 

Influence  on  nutrition 4, 18 
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Group  work:  Page. 

Methods  to  be  used  in 17-19 

Value  of 17 

Habits,  bad  food,  and  health,  influence  on  nutrition 4-18 

Health  education  as  a  preventive  measure v 

Health  habits.    {See  Food  and  health  habits.) 

Height-weight-age  standard 3, 81 

Home  cooperation,  importance  of 17,26 

Home  discipline 17 

Home  economics  teachers: 

Better  training  for v 

Their  place  in  the  nutrition  program vi 

Identification  of  malnutrition,  standards  for 31 

Individual  work,  value  of 16 

Inspection,  medical.    {See  Medical  examinations.) 

Interest,  ways  of  arousing  and  sustaining  it  in  the  community: 

Rural  districts 22-23 

Urban  districts 1, 20 

Leadership  for  campaign: 

Rural  districts 22 
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Literaturo,  agencies  furnishing 30-31 
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MALARIA  SURVEY  OF  THE  MISSOURI  PACIFIC  RAIL- 
ROAD, 1922. 


PURPOSE  AND  EXTENT  OF  SUBVEY. 

The  United  States  Public  Health  Service  has  been  deeply  inter- 
ested in  the  investigation  of  malaria  prevalence,  malaria  losses,  and 
methods  best  suited  to  malaria  control  along  the  laree  raiboad  sys- 
tems of  the  South  since  a  permanent  pro-am  of  mcdaria  investiga- 
tions was  first  imdertaken  W  the  service  m  1914.  It  has  been  felt 
that  this  interest  in  the  study  of  malaria  as  it  affects  the  welfare  of 
the  railroads  and  the  stimulation  of  malaria  control  b^  the  raiboads 
is  justifiable  because  (a)  malaria  is  of  more  economic  importance  to 
the  agricultural  and  industrial  development  of  the  Soutn  than  any 
other  disease;  (h)  the  railroads  are  the  arteries  of  commerce  through 
which  practically  all  commodities  must  pass  to  and  from  the  factories 
and  farms  on  their  way  to  the  consumers;  and  (c)  because  of  their 
conunon  interest  in  malaria  control  and  close  contact  at  many  points 
with  rural  populations,  the  railroads  are  in  a  peculiarly  favorable 
position  to  assist  the  State  and  local  health  authorities  in  conducting 
campaigns  of  education  in  malaria  transmission  and  demonstrations 
of  the  methods  employed  in  malaria  control. 

At  the  request  of  the  State  health  authorities  concerned,  malaria 
surveys  have  been  made  by  the  Public  Health  Service  of  the  St. 
Louis  Southwestern  Railway  in  1917  by  Senior  Sanitary  Engineer 
J.  A.  LePrince  and  Epidemiologist  T.  H.  D.  Griffitts;  of  the  Central 
of  Georgia  Railroad  m  1919-20  by  Asst.  Sanitary  Engineer  A.  F. 
Allen  and  Asst.  Sanitary  Engineer  H.  N.  Old;  and  of  the  Illinois 
Central  Railroad  in  1920-21  by  Asst.  Sanitary  Engineer  J.  C.  Carter. 
Following  these  surveys,  the  St.  Louis  Southwestern  Railway  Co. 
(Cotton  Belt  Railroad)  and  the  Central  of  Georgia  Railroad  immedi- 
ately undertook  to  carry  out  the  recommendations  made  for  malaria 
control  and  instituted  comprehensive  programs  for  malaria  control 
among  their  employees  and  upon  the  railroad  property.  In  addition 
both  railroads  are  cooperating  with  tl^e  State  and  local  health  au- 
thorities in  carrying  on  urban  malaria  control  at  many  points  along 
these  railroads.  The  Illinois  Central  Railroad  also  increased  ite 
activities  in  malaria  control  following  the  survey  and  is  now  cooper- 
atinff  with  the  State  and  local  hedth  authorities,  particularly  in 
soutnem  Illinois  and  western  Mississippi,  in  the  control  of  malaria  in 
urban  communities  along  its  lines. 

Upon  the  request  of  the  State  health  authorities  of  Missouri  and 
Arkansas,  a  malaria  survey  of  the  Missouri  Pacific  Railroad  lines 
south  of  St,  Louis  was  undertaken  by  the  service  late  in  1921,  Asso- 
ciate Sanitary  Engineer  A.  W.  Fuchs  being  assigned  to  this  detail. 
The  objects  of  this  survey  were  as  follows: 

(a)  To  determine  as  accurately  as  possible  malaria  prevalence 
among  railroad  employees. 

a) 


(6)  To  outline  the  extent  of  the  malaria  problem  alon^  the  road. 

(c)  To  make  necessary  recommendations  for  practical  malaria 
control. 

(d)  To  prepare  an  estimate  of  the  cost  of  malaria  control. 

This  sxirvey  was  completed  early  in  1922,  and  it  is  believed  that 
the  report,  as  given  below,  will  prove  interesting  and  instructive  not 

only  to  health  c^- 
cia&  and  others  who 
look  at  malaria  con- 
trol from  a  viewpoint 
of  health  improve- 
ment and  advaooe- 
ment  in  public  health 
work,  but  also  to 
those  railroad  offi- 
cials and  business 
men  of  the  South 
who  are  beginning 
to  see  and  feel  keenly 
the  close  relationship 
which  exists  between 
malaria  on  one  hand 
and  inefficient  labor 
and  imdeveloped  re- 
sources on  the  other. 

The  survey  in- 
cluded : 

(1)  A  study  of  the 

showing  reUttve  importance  of  malaria  as  a  cause  of  ad-   reCOrds  of  iu-patientS 
npitals  among  employees  south  of  St.  Louis,  1899-1921.         .  .  <■     ox  j  «.„{!  t  i**!* 

Rock,  and  Monroe  hospitals  of  the  Employees'  Hospital  Association 
(the  only  large  hospital  omitted  was  tnat  at  Kansas  City),  also  of 
out-patients  at  these  hospitals  and  at  other  points  on  the  system. 

lari  5,000 
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Fio.8.-Ohart  showing  reduction  in  hospital  malaria  rate  among  employees  south  of  St.  LonlraAar  »U» 
aooompanying  inauguration  of  Mganixed  antimalaria  work  in  towns  00  the  Missouri  Padflo  BaOroaa. 

(2)  A  malaria  census  of  employees  and  their  families  on  portions 
of  the  Missouri,  Arkansas,  Memphis,  and  Louisiana  divisions;  also 
statements  from  foremen,  roadmasters,  and  other  railroad  men  r^ard- 
ing  the  effect  of  malaria  on  the  efficiency  of  labor,  labor  turnover, 
and  the  cost  of  operation. 


Tablb^I.-— Nummary  of  admianang  to  St,  Louis,  LiUU  Ro€k,  and  Monroe  Ho9pitaU, 


Tear. 


1900. 

1901 
190. 

ira, 

1901 
1905. 
1900, 
1907. 
1908. 
1909. 
1910. 
1911. 


lines  west  of  St. 

Loois. 

Kalaria 

Total.* 

Kalana. 

.cases  per 
100  total 
admis- 
sions. 

768 

60 

0.0 

631 

43 

6.8 

463 

30 

6.5 

1,083 

56 

5.4 

1.100 

71 

6.4 

823 

44 

5.4 

876 

63 

5.0 

1,116 

63 

5.6 

004 

38 

4.3 

703 

37 

4.8 

1,013 

43 

4.3 

1,101 

46 

4.3 

654 

33 

4.0 

1 

Year. 


1013 

1013 

1014 

1015 

1016 

1017 

1918 

1919 

1030 

lfl?l 

1809-1931 


Lines  wast  of  St.  Louis. 


Total.1 


523 
634 
545 

687 
843 
811 
750 
604 
733 
534 


17,006 


ICalarla. 


20 
33 

14 

36 

30 

30 

13 

8 

7 

3 


807 


Malaria 
cases  per 
lOOtobl 
admis- 
sions. 


5.5 
5.2 
3.6 
3.8 
3.6 
3.5 
1.6 
1.3 
1.0 
.6 


4.5 


Year. 


1900 

1901 , 

1903 , 

1903 

1904 

1906 

1906 

1907 

1908 , 

1900 

1910 

1911 

1913 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1930 

1931 

1809-1921 


Lines  south  of  St.  Louis  (Iron  Mountain). 


Total.* 


3,430 
3,010 
3,736 
3,375 
3,530 
3,500 
3,750 
3,540 
3,840 
3,430 
3,180 
3,464 
4,272 
5,179 
3,447 
3,282 
3,675 
6,078 
3,S04 
3.430 
2,850 
2,763 
1,883 


Sick  (in- 
cluding 
malaria). 


74,528 


1,820 
1,510 
2,021 
2,455 

?;a!l 

2,060 
2,655 
2,130 
1,820 
2,385 
2,545 
3,207 
3,979 
3,529 
2,428 
2,660 
3,770 
2,837 
2,529 
2,101 
2,013 
1,375 


Injuries 
and  sur- 
gical. 


55,406 


610 

500 

705 

820 

880 

650 

600 

885 

710 

610 

795 

919 

1,065 

1,200 

018 

864 

1,006 

1,306 

1,077 

901 

740 

760 

608 


Malaria. 


1,627 

1,016 

068 

1,310 

1,713 

1,033 

1,200 

1,607 

946 

886 

1,002 

1,055 

1,660 

1,871 

1,058 

060 

1,224 

1,429 

667 

396 

453 

479 

368 


Malaria 

cases  per 

100  total 

admis> 

sions. 


19,120 


94,766 


67.0 
5a6 
36.3 

4ao 

48.8 
39.8 
43.7 
42.5 
33.3 
36.4 
31.4 
3a5 
36.7 
36.1 
3a7 
29.4 
33.3 
28.1 
17.1 
11.6 
15.9 
17.3 
19.5 


Malaria 
cases  per 
lOOsiaT* 


33.3 


89.5 
67.4 
47.9 
53.4 
618 
53.3 
58.3 
56.7 
44.4 
48.7 
42.0 
41.5 
48.8 
47.0 
41.8 
39.9 
45.8 
37.8 
23.6 
15.7 
21.6 
23.8 
26.8 


Malaria 


per  100 
injured. 


44.7 


267 

203 

140 

160 

196 

159 

174 

170 

133 

145 

136 

115 

147 

156 

115 

113 

123 

100 

03 

44 

61 

64 

72 


130 


I  St.  Louis  hospital  oolj. 

*  1809-1900.  St.  Louis  Hospital  only;  1910-1912,  St.  Louis  and  Littie  Rock;  1913-1921,  St.  Louis,  Little 
Bock,  and  Monroe. 

*  Because  of  the  extreme  dUBcultv  of  accurately  determining  the  number  of  employees  at  work  each 
Ttar,  for  use  in  computing  the  actus!  hospital  malaria  rate,  the  percentage  of  malaria  cases  of  sick  cases  is 
nero  employed  as  an  approximate  index  of  the  relative  malaria  rates,  since  the  number  of  sick  cases  bears 
•  lUrly  untionn  relatian  to  the  number  of  employees,  except  during  widespread  epidemics. 

*  Low  CO  aecount  of  the  inflnensa  epidemic. 

(3)  The  collection  of  information  regarding  the  number  of  em- 
ployees on  the  entire  system,  and  on  the  highly  malarious  divisions, 
by  divisions,  occupations,  and  towns;  the  number  and  kind  of  screen- 
aole  buildings  on  these  divisions;  the  important  towns  in  each  of 
these  divisions  as  regards  freight  revenue. 

(4)  A  detailed  inspection  of  the  character  and  the  effectiveness  of 
screening  on  railroad  buildines  and  bunk  cars  on  the  same  por- 
tions of  the  system  as  covered  by  the  malaria  census.  (See  map, 
fig.  1.)  The  inspection  of  screemng  and  the  malaria  census  were 
made  by  railroad  motor-car  on  675  miles  of  main  track  (Table  10) , 


or  slightly  over  one-fourth  of  the  total  in  these  divisions,  in  company 
with  the  respective  division  superintendents,  division  engineers,  or 
their  representatives. 

(5)  Siurveys  of  some  important  shop  and  division  headouarters 
towns,  where  many  railroad  employees  are  concentrated,  wim  refer- 
ence to  malaria  prevalence,  drainage,  and  other  antimalaria  measm^ 
necessary  or  already  midertaken,  and  the  attitude  of  city  official 
toward  cooperation  with  the  railroad  in  antimalaria  work. 

(6)  An  investigation  of  the  effect  of  malaria  on  the  output  of 
several  large  lunger  mills  that  contribute  heavily  to  the  railroad's 
freight  revenues,  and  of  the  attitude  of  mill  supermtendents  toward 
malaria  control. 

(7)  Recommendations,  including  methods  and  oi*ganization^  for 
the  prevention  of  malaria  among  employees  and  in  towns  contnbut- 
ing  largely  to  the  company's  revenues,  based  upon  the  findings  of 
the  survey  and  upon  methods  successfully  employed  by  other 
railroads. 

Tablb  2. — Hospital  admismonif  by  ho$pUaU. 
ST.  LOUIS  HOSPITAL. 


Ymr. 


18M. 
1900. 
1901. 
1902. 
1903. 
1904. 
1906. 
1900. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1916. 
1916. 
1917. 
1918. 
1919. 
1920. 
1921. 


Total 
cases. 


3,196 
2,041 
3,189 
4,306 
4,629 
3,412 
3,626 
4,666 
3,744 
3,193 
4,193 
3,016 
2,744 
2,683 
1,602 
1,240 
1,480 
1,860 
1,840 
1,706 
1,374 
1,643 
1,217 


Sick 
cases. 


2,398 
1,981 
2,286 
3,231 
3,472 
2,569 
2,719 
3,492 
2,768 
2,396 
3,146 
1,789 
2,068 
1,956 
1,073 

868 
1,053 
1,262 
1,213 
1,194 

962 
1,150 

862 


1809-1921 63,003    45,866 


Injuries 

and 
surgical. 


800 

660 

903 

1,077 

1,157 

853 

907 

1,164 

986 

796 

1,048 

1,227 

686 

627 

629 

372 

427 

608 

627 

611 

412 

493 

366 


Malaria. 


1,696 
1,069 
1,018 
1,306 
1,784 

i,m 

1,252 
1,670 
986 
922 
1,046 
618 
797 


Malaria 

cases  per 

100  total 

adiiiia> 

SiODS. 


241 

106 

197 

246 

123 

96 

62 

80 

26 


17,237 


17,263 


49.9 

40.1 

31.9 

31.7 

39.4 

81.6 

34.6 

38.7 

96.3 

28.9 

24.9 

29.0 

29.0 

34.8 

16.0 

8.6 

13.3 

13.2 

6.7 

6.6 

4.6 

4.9 

2.0 


27.4 


Malaria 
cases  per 
100  sick. 


7a7 
58.4 
44.6 
41.  S 
61.4 
42.0 
46.1 
46.0 
36.7 
38.4 
33.2 
34.6 
38.7 
46.0 
22.4 
12.2 
18.7 
10.8 
10.1 
7.3 
6.4 
6.9 
3.0 


Maiails 
casesMT 

Injurad. 


312 
liO 
113 

m 

IH 

1S6 
188 
OS 


37.6 


115 
190 

10 
116 
143 

43 

n 
m 

40 
2S 
19 
IS 
16 
7 


100 


LITTLE  ROCK     HOSPITAL. 


1910.. 
1911.. 
1912. . 
1913.. 
1914.. 
1916. . 
1916.. 
1917.. 
1918.. 
1919*. 
1920.. 
1921.. 


1,549 
2,182 
3,119 
2,218 
2,148 
2,231 
3,007 
2,022 
1,860 


M,162 
« 1,687 
s  2,340 
> 1,663 
« 1,612 
1,618 
>  2,256 
s  1,616 
» 1,387 


387 
545 

779 
555 

536 
613 
762 
506 
463 


483 
804 
1,001 
750 
722 
832 
834 
379 
229 


31.2 
36.9 
32.1 
33.9 
33.6 
37.3 
27.8 
1&8 
12.4 


41.5 
49.1 
43.9 
45.0 
44.7 
5L4 
37.0 
2&1 
16.5 


121 
147 


US 
IM 


in 

75 
50 


1,355 
706 


s  1.016 
<529 


389 
176 


149 


19.8 
21.1 


S&8 

9&1 


1910-1921. 


23,988 


17,939 


6,050 


6,692 


27.8 


37.3 


78 


Ul 


1  From  here  on  the  rate  is  lower  because  many  employees  south  of  St.  Louis  were  sent  to  the  Mcoioa 
Hospital  which  was  opened  in  1913. 

s  Estimated  at  75  per  oent  of  total  patients,  this  behig  the  average  perontage  in  thoae  yeais  in  idikh  tbt 
actual  relation  was  determined. 

*  No  records  available. 


Table  2. — Hospital  admissions ^  hy  hospitals — Concluded. 

KONROE  HOSPITAL. 


Year. 


1»U«. 
1914.. 
1915.. 
1916.. 
1917.. 
1918.. 
1919.. 
1990.. 
1921.. 


191^1921. 


Total 

Sick 

CMflS. 

cases. 

261 

175 

Im 

329 
475 

1,968 

800 

853 

616 

*     625 

473 

478 

309 

488 

353 

495 

1 

368 

\        5,352 

3,048 

Injuries 

and 
surgical. 


66 
120 
176 
258 
237 
152 
119 

las 

127 


Malaria. 


100 
155 
221 
379 
185 
84 
1® 
148 
197 


1,404 


1,617 


Malaria 

cases  per 
lOOtoial 

Malaria 

cases  per 

admis- 

100 sick. 

sions. 

38.3 

57.2 

84.5 

47.2 

34.0 

46.5 

36.1 

47.4 

21.7 

3ai 

13.5 

17.8 

32.0 

42.5 

29.3 

4a5 

39.8 

53.3 

30.2 

4a9 

Malaria 
eases  per 

100 
injured. 

116 
129 
125 
150 
78 
55 
120 
106 
155 

115 


«  Beginning  July  28. 

MALARIA  PREVALENCE  AMONG  EMPLOYEES. 
SIZE   OF  THE   MALARIA    PROBLEM. 

Malaria  has  been  the  most  frequent  cause  of  admission  to  the 
hospitals  of  the  Employees'  Hospital  Association  during  the  past 
23  years  (fig.  2).  In  this  period  25,000  employees  were  treated 
for  maJaria  in  the 
hospitals  at  St. 
Loms,  Little  Rock, 
and  Monroe,  or  an 
average  of  over 
1,000  a  year,  con- 
stituting one  -  third 
of  all  hospital  admis- 
sions. For  the  same 
period  injuries  and 
surgical  cases  com- 
bined totaled  only 
three-fourths  of  the 
malaria  admissions. 
Excluding  injuries, 
and  considering  only 
natural  causes  of 
sickness  among  hos- 
pital patients,  mala- 
ria looms  even  more 
important,  contrib- 
utmg  45  per  cent  of 
the  total.  In  1921 
over  50  per  cent  of 
all  medical  admis- 
sions to  the  Monroe  hospital  were  for  malaria.  From  1900  to  1915 
there  was  a  fairly  uniform  but  slow  decline  in'  the  malaria  rate, 
due  probably  to  improved  drainage  as  the  country  became  more 
completely  settled,  to  the  increasing  use  of  screens,  and  to  a 
wider  knowledge  of  cause  and  prevention.  But  the  sudden  decline 
between  1916  and  1918  to  a  rate   at  the  end  of  this  three-year 
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Fio.  4.— Chart  showing  relative  importance  of  malaria  as  a  cause  of 
out-patient  treatment  among  employees  south  of  St.  Louis,  1921. 


period  only  one-third  as  high  as  at  the  beginning  was  aopompanied 
DY  an  increase  in  organized  malaria  control  work  in  towns  along  the 
Missouri  Pacific  Raiu*oad.  Although  the  influenza  epidemic  of  1918 
probably  exaggerated  the  decline  jot  that  one  year  to  some  extrat, 
m  general  the  malaria  rate  for  the  period  from  1916  to  1921  corre- 
sponds very  closely  to  the  number  of  employees  protected  (fig.  3). 

Malaria  Cases 

Aopo    3M0    ZOOO    LOCO 


OoTPATIENr 


Hospital 


Fio.  5.— Comparison  of  out-patient  treatments  for  malaria  with  hospital  admissions 

for  the  same  disease,  1921. 

Table  3. — Previoxu  malaria  control  work  in  communities  on  Mistowri  Pacific  RaOroad. 


» 

Popula- 
tion pro- 
teetod 
(1920 
census). 

Missouri 
Pacific 

em- 
ployees 

as  of 

AuRUSt, 

1921. 

Control  work  oonducted  (indicated  by  W). 

Town. 

Befare 
1916. 

1916 

1917 

1918 

1919 

1920 

mi 

ABXANSAS. 

Arkadfflphia 

3,900 
4,600 
2,700 
2,300 
5,500 
1,200 
1,500 
>  4.500 

16 

125 

10 

54 

114 

120 

7 

168 

• 

V 

ConwayT 

w 

Croasett 

W 

W 

W 
W 

W 

w 

W 
W 
W 
W 
W 

ir 

Dermott * 

w 

El  Dorado 

w 

Eudora 

w 
w 

Hftnihnrp 

W 

W 

w 

Helena  (part) 

w 

Jerome 

1,200            1 10 
1,400               31 

65,000             461 
3,900  '             17 
2,400             643 
2,400               U 

14,000          2,419 

•1,000  1             65 
2,T0O  1             16 
4,600             1 50 

20,000             216 

w 
w 
w 

W 
W 

w 
w 

w 

LakeVillace 

W 
W 

w 

little  Rock ;.. 

W 

w 

Mai  vwn 

McGehee 

w 
w 
w 

w 

Montioello 

W 
W 

w 
w 
w 

w 

North  Uttle  Rock 

w 

Pine  BlufT  (part) 

w 

Prwiwtt 

w 

Russellville 

V 

Texarkana 

w 

w 

LOUISIANA. 

Alexandria 

17,500 

A21 

■ 

W 

Bastrop 

1,500             1 10 
14,000  .           106 
17.000             604 

*w 

I/ftk4^  Qiaries 

w 

w 

Monroe 

w 

15 
140,600 

4,052 

TOTALS. 

Number  of  towns 

0 
0 

0 

1 
2,700 

10 

4 
83,200 

2,807 

9 
120,800 

3,526 

10 
04,100 

3,660 

IT 

PoDulation  nrotected. . . 

U9,0B0 

Missouri    Fadflc    em- 
ployees protected. .... 

2,«» 

1  Estimated. 


s  Estimated  population  protected,  not  entire  population. 
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Only  the  more  severe  cases  of  malaria  enter  the  hospital.  Every 
year  many  more  thousands  of  employees  are  given  out-patient  treat- 
ment for  malaria  by  local  surgeons  oi  the  hospital  association^  located 
in  all  towns  of  any  size  along  the  railroad.  The  chief  suroeon's 
report  for  1921  shows  only  4,000  hospital  patients  treated  jot  all 
causes,  against  74,000  out-patient  treatments.  Less  than  one-eighthi 
of  the  employees  receiving  out-patieiit  treatment  for  malaria  werej 
admitted  to  the  hospital  m  1921  (fig.  5).  In  many  places  ov^er  50 
per  cent  of  the  railroad  employees  were  treated  for  malaria  by  local 
surgeons  in  1921  (Table  14). 

After  all,  hospital  records  and  those  of  local  surgeons  recite  only 
two  chapters  of  the  story.     The  malaria  census  shows  that  only  18 

Eer  cent  of  the  employees  on  four  southern  divisions  who  reported 
aving  had  malaria  in  1921  entered  the  hospital  (fig.  13) ;  tnat  is, 
for  every  employee  receiving  hospital  treatment  for  malaria  there 
were  four  or  nve  others  who  nad  malaria  but  did  not  enter  the  hos- 
pital. It  also  shows  that  only  68  per  cent  of  malarial  employees  on 
these  divisions  even  visited  a  doctor.  It  reveals  an  astounding  rate 
of  infection — 32  per  cent  of  the  483  employees  interviewed  on  four 
southern  divisions  reported  having  had  malaria  in  1921  (fig.  12). 

Table  5. — Hospital  malaria  caseSf  by  dividonsy  1919~19il. 


Hospital  and  year. 

Mis- 
souri 
divi- 
sion. 

Arkan- 
sas 
divi- 
sion. 

Mem- 
phis 
fflvi- 
sion. 

Louisi- 
ana 
divi- 
sion. 

Cen- 
tral 
divi- 
sion. 

Other 
Iron 
Moun- 
tain 
divi- 
sions. 

Not 

Iron 

Moun- 

Uin. 

Not 
stat«d. 

TofL 

St.  Louis: 

1919 

23 

22 

4 

5 
6 
5 

2 
8 
2 

5 

13 

4 

0 
0 
0 

10 
21 

8 
7 
3 

0 
3 
1 

63 

1920 

1921 

Little  Rock: 

1919» 

1920 

6 
13 

0 
0 
0 

108 
72 

1 

1 
1 

80 
28 

12 
15 
25 

53 
22 

136 
123 
150 

8 
3 

0 
0 
0 

8 
11 

0 

•    0 

0 

0 
0 

0 
0 
0 

6" 

0  1 

1 
4 

4 

12 

1 

ass 

140 

Lva 

14} 

1921 

Monroe: 

1919 

1920 

1921 

Combined: 

1919« 

23 
28 
17 

6 

78 

14 

103 

55 

141 
189 
185 

0 
8 
3 

19 
29 
17 

8 
7 
3 

4> 
7 
13 

2tj 

1920 

4ie 

1921 

a^ri 

1919-1921 

68 

11 
6 
5 

199 

3 
24 
21 

172 

6 
21 
15 

515 

65 
39 
49 

11 

0 
2 

1 

65 

9 
6 
5 

18 

4 

1 
1 

24 

1 
2 
1 
3 

1 

1,072 

Per  cent  of  total: 

1919« 

10» 

140 
100 

1920 

1921 

1919-1921 

6 

19 

16 

48 

1 

6 

3 

2 

IV 

^  Records  not  available. 


'  St.  Louis  and  Monroe  hospitals  only. 


Over  3,200  malaria  cases  were  treated  by  local  physicians  in  16 
towns  during  1921,  when  the  railroad  was  operating  with  a  reduced 
personnel  (ng.  5).  It  is  conservatively  estmiated  that  under  nor- 
mal conditions  at  least  6,000  employees  have  malaria  each  year,  con- 
centrated almost  entirely  on  four  southern  divisions.  There  is  no 
doubt  that  on  the  southern  divisions  malaria  occurs  more  freauentljr 
than  anv  other  disease.  On  some  divisions  it  affects  one-tnird  of 
the  employees. 
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MALARIA  BY   DIVISIONS. 


The  hospital  malaria  rate  from  1899  to  1921  was  eight  times  higher 
among  einployees  on  lines  south  of  St.  Louis  (formerly  the  iroii 
Mountain  Kailway)  than  amon^  those  west  of  that  point  (iSg.  6),  and 
a  similar  condition  is  indicated  for  out-patients  (ng.  7).  South  o( 
St.  Louis  malaria  is  far  more  frequent  than  injuries;  west  of  this 
place  the  reverse  is  true  (fig.  8).  On  the  southern  portion  of  the 
system  malaria  control  deserves  greater  attention  than  thft  safety-first 
campaign. 

The  Louisiana,  Memphis,  Arkansas,  and  Missouri  diyisiQiis,  with 
only  one-third  of  the  system  employees,  contributed  nine-tenths  of 
the  hospital  malaria  cases  in  1920  and  1921.     The  hospital  admis- 

Hospital  ADniS5idN  Ratc  for  Malaria  per  1000  Emplovces 

,k)       TO         iO      so       40        JO        20         to  0 


t 

- 

__H«-2 

EMTlKt 

System 

Missouri 
Division 

■pM^-^ 

Arkansas 
Division 

1 

ncnpua 
Division 

Louisiana 
division 

■0.5 

CCNTiUL 

Division 

* 

■  4.5 
0^ 

Omen  In.  Mi: 
Divisions 

Uncs  Wetr 
ow  dr.  LOUIS' 

Fio.  9.--(9iai^  showing  hospiUl  admlssioa  rato  for  malaria  p«r  1,000  emploTees, 

by  divisioiis,  192th2U 

sion  rates  for  malaria  per  1,000  employees  are  shown  for  the  different 
parts  of  the  system  in  Figure  9.  It  is  seen  that  the  Louisiana  divi- 
sion has  by  far  the  highest  rate  (72.2  per  thousand) ;  the  Memphis 
division  is  next,  with  a  rate  of  38.8;  and  the  Arkansas,  Missouri,  and 
Central  divisions  follow  in  the  order  named.  For  1920-21  the  ratu 
for  the  entire  system  was  11.5,  while  that  for  lines  west  of  St. 
Louis  was  only  0.3  per  thousand,  and  for  lines  south  of  St.  Louis  22.7. 

Tablb  6. — Average  number  of  employees ^  entire  system. 

|Figaresnpresent  montbly  averages.]  j 


38.4^M 


1919 

1920 *.* 41.1S4 

1921 33,4*^ 


Annual  average 37,  fiW 
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Tabue  7. — Average  ntpnber  of  empioffeei  on  touihem  divmom  in  operation  December 

SI,  1921. 

(FoniMr  YaSkj  diriiioa  taployoM  spportlooed  amoif  ArkansM,  Ifwnplrtt,  and  ^-TuMana  divWoos  for 

1919aad  1900.J 

"MISSOURI  DIVISION. 


Year. 


Iftl9. 
1920. 
19S1. 


Seottoo. 


516  ; 
522 

892 


Extra 

and 

bridn 
ana 

leal. 

liufldlnt 

gangs. 

IH 

930 

9 

],OiS 

MS 

884 

ARKANSAS  DIVISION. 


Total. 


2,36a 
2,408 
1,964 


1919.. 
1020., 
19811. 


1 

1,190 

097 

968 

476 

2,613 

1,212 

716 

978 

529 

2,720 

1.013 

567 

510 

2S9 

2,057 

5,904 
6,155 
4.406 


KEICFHIS  DIVISION. 


1919.. 
1«20.. 
19211. 


2,347 
2,550 
1,534 


CENTRAL  DIVISION. 


1919. 
1900. 
1921. 


340 
383 
319 


294 
317 
358 


48b 
479 
444 


164 

255 

1,533 

VS 

281 

1,713 

79 

225 

1,425 

LOUISIANA  DIVISION. 


1919.. 
1900.. 
1021 1. 


-         <•           — 

393 

325 

880 

169 

614 

416 

419 

867 

282 

605 

368 

371 

635 

176 

629 

TOTALS. 


1919. 
1930. 
1921. 


2.62S 
2,765 
2,224 


2,124 
2,396 
1,968 


3,560 
8,606 
2,347 


1,305 

1,583 

846 


4.916  I 
5.254  > 
4.103  . 


1919-1921.. 
Anntml  average. 
Per  oeot  of  total. 


7,617 

2,539 

18.3 


6.490  , 

2,163  ' 

15.6  ) 


9,512  ' 

3,171  : 

22.9  I 


3,664 

],22H 
8.9 


14,283 

4,761 

34.3 


2,381 
2,679 
2.179 


14.533 
15,565 
11,488 


41,586 

13,862 

100 


1  May  to  Deoeinber,  inclusive. 


The  malaria  census  at  first  glance  appears  to  give  different  results 
(fig.  12);  for  example,  the  Memphis  division  shows  a  higher  percent- 
age of  employees  reporting  malaria  in  1921  than  the  Louisiana 
division.  This  apparent  discrepancy  is  in  the  main  explained  by 
the  greater  seventy  of  tlie  disease  on  the  Louisiana  division,  as 
indicated  (figs.  13,  14)  by  the  higher  percentage  of  cases  entering 
the  hospitals,  the  greater  proportion  of  cases  \Tsiting  the  doctor, 
and  the  higher  rate  of  lay-offs  from  work.  Table  10  gives  the  rates 
of  infection  on  the  several  branches  of  each  division  on  which  a 
census  was  taken. 
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BY  OOOUPATIONS. 


Of  the  five  groups  of  occupations  into  which  the  employees  on  the 
southern  divisions  were  divided ,  section  men  sent  more  malaria  cases 
to  the  hospitals  than  any  of  the  others  in  1920  and  1921  and  shop 
n&en  the  least.  The  hospital  admission  rate  for  malaria  per  1,000 
employees  is  shown  for  the  various  occupations  in  Figure  10.  It  is 
seen  mat  in  1920  and  1921  bridge  and  building  crews  and  extra 
gangs  had  a  rate  of  79.7,  section  men  47.8,  tram  and  engine  men 
31.3,  office,  station,  and  yard  employees  25.2,  shop  men  11.0.  The 
hospital  malaria  rate  on  the  southern  divisions  for  all  occupations 
was  41.6  per  thousand. 


Percent  Emplovccs  biFGcrEa 

0           10         2i 

0         ? 

h—^ 

AvcE.4 
Divisions 

Arkansas 
Division 

72 

/9 

'//m 

WM 

WM 

I 

%. 

Missouri 
Division 

3/ ■■■■■I 

LOUISIANA 

Division 

9/ ■■■■■■ 

Memphis 
Division 

^^BHHHHHHp 

Fio.  12.— Chart  ihowinffpreTalaDoe  of  malaila  among  employees, 

by  aivisloiis,  1921  oennis. 

Table  8. — Ho$pital  malaria  eoHS,  hy  occupations^  1919-1921, 


Hospital  and  year. 

OAce, 

station, 

aiidyan) 

Train 
and 

Section. 

Extra 

bridie 

and: 

building, 

etc. 

Mfichan- 
ical. 

Not 
sUted. 

Total. 

St.  Louis: 

1S19 

17 
24 

18 

18 

3 

10 

16 

6 

7 
6 

1 

10 

17 

9 

0 
0 
0 

62 

ISIO 

60 

IfiBI 

25 

little  Bock: 

1SIS>.. 

U90 

89 
26 

18 
18 
14 

41 
36 

16 
14 
26 

90 
26 

64 

63 

94 

60 
34 

44 

40 
41 

33 
30 

18 
6 
9 

0 
0 

4 

4 

13 

263 

1901 

149 

■OUIOOC 

1919 

168 

igao 

143 

19BI 

197 

OoBbiDed: 

1919  a 

36 
81 
46 

33 
73 
64 

64 

150 
126 

61 

114 

76 

28 
«6 

m 

.4 

4 

1» 

216 

1900 

486 

1901 

371 

1919-1921 

161 

l&O 

170 
16.9 

348 
83L4 

241 
22.6 

131 
1Z3 

21 

)iS^ 

PSfQSKtOl  total,  1919-1021 

1  R«C0fd8  not  available. 
38966—23 3 
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Tablb  9.— Day*  in  hotpHal/cr  mataria,  6y  oeaqiaUon*  of  emplogtet. 


OAee,  station 
yard. 

,  and 

Train  and  engine. 

Section. 

Hospital  and  year. 

Cases, 

Total 
days. 

Days 
case. 

Cases. 

Total 

days. 

Days 

per 
case. 

Cases. 

Total 

days- 

Dayi 

St.  Louis: 

1919 

• 

17 

34 

6 

194 
861 

38 

18 

18 

3 

233 
312 

57 

10 

16 

6 

139 

183 

43 

1930 

1931 

Little  Roek: 

19191       

1920 

89 
35 

18 
10 
11 

353 
354 

190 

139 
70 

■•••*•-•• 

41 
85 

13 
14 
36 

387 
448 

74 

88 

MO 

90 
35 

53 
51 
93 

631 
210 

331 
366 
691 

1921 ^ 

Mooroe: 

1919 .^ 

1930 

1931 

Combined: 

1919« 

35 
79 
43 

359 
853 
872 

ia3 
ia8 

&9 

31 
73 
63 

807 
687 
669 

0.9 

9.4 

lao 

62 
157 
138 

400 

1,112 

944 

7.4 

1920 

7.1 

1931 

7.7 

Total,  191^1921 

150 

-1,584 

mi 

167 

1,668 

lao 

34S 

2.616 

7,4 

Extra  ganf;s,  bii 
building,  e 

Idge  and 
tc. 

Mechanical. 

Total. 

Hoq;>ltal  and  year. 

• 

Cases. 

* 

Total 
days. 

Days 
per 

Cases. 

Total 
days. 

per 
case. 

Cases. 

Total 
days. 

Da]fs 

St.  Louis: 

1919 

7 
5 

1 

164 
50 

3 

10 

17 

9 

74 
307 
.147 

1930 

1921 

Little  Rock: 

1919» 

1920 

59 
83 

43 
48 
89 

410 
899 

374 
413 
286 

33 
80 

16 
5 
9 

429 
363 

139 

39 
80 

1931 

Monroe: 

1919 

1930 

1931 

Combined: 

1919* 

50 
112 

7a 

528 
879 
688 

las 

7.9 
9.4 

36 
55 

48 

203 
665 
440 

7.8 

13.1 

9.3 

204 
476 
349 

1,857 
4,196 
3,113 

^i 

•1920 

fi$ 

1921 

&9 

Total,  191^1931 

335 

2,096 

8.9 

129 

1,306 

10.1 

1,029 

9,166 

K9 

I  Records  not  available. 


>  For  St.  Louis  and  Monroe  hospit&s  only. 


This  is  what  would  naturally  be  expected  from  a  comparisoD  of 
the  liability  to  exposure  to  malaria  infection  in  the  various  occu- 
pations. Bridge  and  building  crews  and  extra  gangs  are  '' floating 
forces"  living  m  bunk  cars  often  located  near  a  river  swamp  or  * 
stream  producing  Anopheles  mosquitoes  in  great  numbers.  The 
great  bulk  of  the  section  men  live  in  rural  or  semirural  communities 
where  drainage  is  not  as  complete  as  in  the  larger  towns  where  the 
shopmen  and  many  of  the  omce,  station,  and  yard  employees  have 
their  homes.  Trainmen  and  en^nemen  occupy  an  mtermediate 
position  in  that,  though  they  are  semifloating,"  they  generally  live 
in  large  towns  at  both  ends  of  their  *'run." 
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The  midaria  census  shows  no  marked  difference  among  the  groups 
as  regards  the  percentage  of  employees  reporting  malaria  in  1921. 
This  is  due  mainly  to  the  comparatively  small  number  of  employees, 
interviewed  in  all  occupational  groups  except  section  men. 

MALARIA  IN   EMPLOYEES'   FAMILIES. 

A  malaria  census  of  employees'  families,  practically  all  of  them 
families  of  section  foremen,  including  49  families  containing  260 
individuals,  was  taken  along  with  the  census  of  employees.     Seventy 


Per  cent  of  Malaria 
Cases  admitted  to  Hospitals. 


Per  cent  of  Malaria  Cases 
treated  by  physicians. 

0  to         40 


Divisions 

ARKAN5A5 

Division 
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IVISION 

Louisiana, 
division 
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Fio.  13.~Chart  showing  sey^rity  of  malaria  among  emplosrees,  by  diviaiaos,  1921  census. 

per  cent  of  all  families  interviewed  reported  at  least  one  case  of 
malaria  in  1921 ;  and  34  per  cent  of  all  persons  in  all  families  reported 
having  had  the  disease  that  year  (fig.  15).  The  latter  figm'e  corre- 
sponds very  closely  with  the  rate  of  infection  found  in  the  census  of 
employees.  The  malaria  rate  is  highest  both  by  families  and  by 
members  of  families  on  the  Louisiana  division,  with  the  Memphis, 
Missouri,  and  Arkansas  divisions  following  in  the  order  named.    ^  ^ 
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EFFECT  OF  MALARU  ON  OPERATING  COSTS  AND  RAILROAD 

REVENUES. 


CX>8T  OF  HAJLARIA  TREATMENT  BY  HOSPITAL  ASSOCIATION. 

During  1920,  when  the  raUroad  operated  with  a  personnel  below 
normal,   about  500  malaria  cases  were  treated  in  the  hospitals. 


Lay-offs  per  100  Malaria  Cases. 

go ^      40         2jO  0 


Days  Lost  per  Case. 
o    £  4    6    s     10  It  14- 


AVOE.^ 

Divisions 

Arkansas 
Division 

Missouri 
Division 

Louisiana 
Division 

KEflPHIS 
vision 


Fio.  14^— €lttrt  ahowliig  time  lost  Ijrom  work  by  emploTees  on  aoooont  of  malaria,  \>j  dlvlsloos,  1021  oeoflos. 

with  an  average  of  9  hospital  days  per  case  (fig.  11).  At  an  aver- 
age cost  of  S2.71  per  hospital  day,  for  the  St.  Louis,  Little  Rock 
and  Monroe  hospitals  in  1920,  i\m  amounted  to  over  $12,000.  In 
addition,  over  4,000  malaria  cases  received  out-patient  treatment 


PexxHi  OF  Fahiues  iNFecrea 


perccnt  of  Reasons  \HFta' 
CD  IN  ALL  Fahiues. 

O  to        ZO        ho       40 


AvcE'4 

D1V1310NS 
Arkansas 

Division 
lildSOURl 

Division 

b^UlSIANA 
rvisiON 

HeriPHis 
Division 


Fio.  15.— Chart  slioKixig  prevaleace  of  malaria  in  employees'  families,  by  divisiaQs,  1921  ceosos. 

during  the  same  year  at  an  average  cost  of  S3.27  per  patient,  amount- 
ing to  over  $13,000.  This  annual  expenditure  of  S25,000  for  curing 
employees,  invested  in  an  effective  malaria  prevention  organization, 
would  not  only  ^eatly  reduce  the  malaria  rate,  but  woiDd  effect  a 
proportional  saving  in  the  far  Heavier  losses  produced  by  malaria 
on  operating  costs  and  on  railroad  revei^ues. 
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Table  11. — MdUxriacmsutof  Mistouti  Pac{/ie  RttUroad $nipioyeB^ /amUuM,  bff  imnons, 

19U. 


Brancli. 

Number 
of 

inter- 
viewed. 

Number 

of 
fancies 
infteted. 

Percent 

fuaSoies 
inlBCted. 

Nrnnber 

of 
persons 
^aU 
lamllies. 

Number 

Infected 
persflos. 

Percent 
of 

pttSOOf 

iBlKled. 

ARKANSAS  DIVISION. 

Little  Rock  to  Pine  Blui! 

Pine  Bluff  toBentoo. 

4 
2 

4 

2 
0 
2 

50 

0 

50 

20 
10 
14 

5 
0 

4 

S 

Benton  to  Hope. 

9 

Combined 

10 

i 

40 

44 

9 

a 

MISSOURI  DITISION. 

Poplar  Bluff  to  Hoxle 

4 

3 

2          n 

2              07 

96 

7 
U 

27 

Poplar  Bluff  to  Charlesion 

a 

Combined 

7 

4 

« 

47 

IB              38 

LOUISIANA  DIVISION. 

McQehee  toM(mroe.»../. 

8 
8 

7 
7 

87 
87 

1 

42 
38 

17 

41 

rnlllmtAn  to  Vi4%1if^ 

IS               3» 

1 

MV 

14 

87 

«) 

32 

m 

MEMPHIS  DIVISION. 

Wynne  to  Helena 

b 
4 

7 

4 

3 
5 

80 
75 
71 

30 
17 
42 

9 

IB 

VwriiinnA  to  Mfiraphi??.        ,    .            . . , . 

9  '              52 

Memphis  to  New  Xugosta, 

12  »             tt 

f 

ComtAned 

«6 

12 

I            75 

80 

30 

34 

SuTimiery 

48 

34 
1 

70 

260 

8B'             34 

i 

■ 

MALABIA   AND   RAILBOAD   OPBRATIKQ  008Tg. 

Malaria  is  a  disease  of  primary  economm  importance.  In  the  acute 
stage  it  entails  suffering  and  prevents  the  patient's  working.  When 
the  disease  becomes  chronic,  as  frequently  happens,  the  employee 
affected  is  able  to  be  on  the  job  most  of  the  time,  but  can  work  with 
only  a  fraction  of  his  normal  energy  and  efficiency,  while  receiving  a 
full  day's  pay.  Multiplied  by  several  thousand  cases,  this  constitutes 
an  enormous  annual  charge  against  the  cost  of  bperation.  In  the 
acute  stage  of  the  disease  many  employees  lay  off  from  work  for  con- 
siderable periods  (fig.  14),  producing  a  shortage  of  labor  during  busy 
seasons  and  slowing  down  rush  jobs.  Even  when  labor  is  plentiful, 
new  men  are  inexperienced  with  their  new  jobs,  and  the  high  labor 
turnover  is  costly  to  the  railroad  wherever  inexperience  spells  a 
slacking  off  of  swety  precautions,  or  the  unskillea  handling  of  ex- 
pensive equipment.  It  is  difficult  to  estimate  the  increasea  cost  of 
operation  from  these  causes,  but  the  amoimt  surely  is  a  large  one. 
That  those  who  handle  labor  on  the  malarious  portions  of  the  railroad 
realize  the  handicap  is  evident  from  the  following  statements  of 
section,  extra  gang,  shop,  and  roundhouse  foremen:  • 


General  shop  foreman.  McGehee:  ^^any  men  come  to  work  with  malana,  expeetng 
to  take  it  easy  if  a  chill  should  come  on.  They  don't  want  to  loee  their  pay.  Mtay 
stay  on  the  job  even  with  a  chill,  and  in  case  a  special  rush  job  must  be  gotten  oat 
they  will  work  feebly  until  it  is  completed.  Subforemen  report  men  laying  down  «o 
the  job  on  account  of  the  fever,  and  Uttle  work  can  be  got  out  of  such  men.  The  ct«t 
of  operation  is  increased  by  reduced  efficiency.    When  an  important  job  must  be 
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nuhed  through,  it  haa  happened  tiiat  delaya  are  encountered  on  account  ef  many  of 
the  men  bdiig  aick  with  ouUana.    Itwouldpay  the  railroad  well  to  get  ri4  of  mafaiiia. 

General  rovtndhouMe  foreman^  Hoxie:  la  the  summer  and  fall  men  can't  do  a  good 
day*a  woiis;  not  lanneas  at  au;  men  want  to  give  full  value,  but  just  can't  put  out 
more  than  two-tblrds  of  a  day's  work  for  a  full  day's  pay.  Men  who  are  not  very  aick 
will  try  to  wwk;  but  at  jiireat  cost  to  the  railroad.  Acquainted  with  antimalaria  work 
done  at  Gamp  Pike  donng  the  war,  and  enthumolic  over  Msults  obtained.  Control 
work  would  easily  pay  the  railroad. 

T^ndnmoMter,  Missouri  division:  Men  working  with  malaria  are  only  65  per  cent 
efficient. 

Car  repair  formtan^  Ferridajf  $hof$:  Last  year  $  out  of  the  10  men  in  the  gang  laid  off 
<tt  account  of  malada.  AU  took  aick  in  late  August,  within  a  short  time  of  eadi  other, 
leaving  the  job  ihorthanded  for  a  while.  The  wlaclrtng  off  in  the  activity  of  the  men 
some  time  previous  to  thdr  laying  off  was  also  noticeable. 

Chief  supplf  clerk.  Lovisiana  division:  Keeping  supply  clerks  in  such  places  as 
Ferridiay  lias  been  difficult  on  account  of  **the  low  country  bein^  unhealthy." 

SeeHofi  forenum,  Mariatma:  Men  caa't  woik  hard  witii  malma,  especially  in  hot 
wei^ther;  &iey  are  forced  to  ease  up,  and  they  lay  off  every  once  in  a  while. 

Section  fareman,  Hughe$:  Malaria  slows  up  men  so  that  they  can't  be  worked  hard. 
It  would  pay  the  company  to  put  on  an  antimalaria  campaign. 

SectionJormoB^  ChtOfieki:  Can't  gat  )>iit  little  work  out  of  men  who  have  malaria. 
Just  when  they  were  most  needed  last  year  (in  July)  they  had  to  go  to  the  hospital. 

Foreman,  extra  gang  No,  S,  Memphis  division:  Ltust  summer  all  the  men  were  sick 
and  taking  drugs.  Extra  men  had  to  be  kept  on  die  pay  roll  to  take  the  place  of  those 
sick.  This  comd  be  done  last  year  because  labor  was  plentiful,  but  in  normal  times 
it  coulcbi%  and  it  would  haive  delayed  the  work.  Men  can't  work  much  during  the 
malaria  season. 

Discontented  ^mj^yees,  worried  oyer  the  loss  of  their  pay  and 
sickn^  in  tiieir  families,  clin  not  possess  that  morale  and  loyalty  so 
highly  important  to  any  oi^ataization.  Such  men  will  more  likelj 
respond  to  the  appeal  of  the  labor  agitator.  When  an  em{doyee  is 
forced  to  lay  off  several  weeks  each  summer  with  loss  of  pay  on  ac- 
count of  malaria,  and  in  addition  has  to  meet  the  doctors  and  the 
druggist's  IhUs  ior  treating  the  family,  and  sees  his  children's  edu- 
cation handicapped  by  emorced  absence  from  school,  how  can  he 
help  beinj^ discontented  ?  In  his  case  '^  chills  imd  fever  is  equivalent 
to  a  cot  m  pay.     (See  Fig.  15.) 

The  pay  of  salaried  employees  and  those  paid  by  the  month  is  not 
generally  deducted  for  absence  on  account  of  illness.  Railway 
transportation  of  malarial  employees  to  and  from  the  hospital  is 
without  cost  to  the  employees.  These  are  tangible  charges  against 
the  cost  of  operation. 

« 

MALARIA  AND  RAILROAD   REVENUES. 

A  territory  that  has  the  reputation  of  a  high  malaria  prevalence  is 
Tinattractive  to  prospective  agricultural  settlors  and  industries  seeking 
new  fields.  Such  a  territory  suffers  an  arrested  agricultural  ana 
industrial  development,  and  the  railroad  is  a  cosufferer.  Passenger 
and  freight  traffic  is  a  mere  skeleton  of  what  it  should  or  could  be. 
'That  the  railroad  recognizes  these  conditions  is  witnessed  by  the 
existence  of  an  industri^  commissioner  and  a  director  of  agricultural 
development.     Does  it  discern  the  remedy? 

Not  only  is  new  settlement  discouraged,  but  farmers  and  manu- 
facturers already  on  the  ground  produce  and  ship  less  than  they 
might.     On  the  farm  malaria  is  most  prevalent  when  crops  demand 

freatest  attention  in  cultivating  and  narvesting.     In  the  mill  pro- 
uction  suffers  from  inefficient  labor,  and  at  tunes  it  is  forcea  to 
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operate  at  reduced  capacity  owing  to  scarcity  of  labor.  Mill  super- 
intendents feel  the  millstone  around  their  necKs,  and  those  who  have 
controlled  malaria  are  congratulating  themselves,  while  many  who 
have  not  are  seeking  advice  and  assistance  toward  that  end.  The 
railroad  is  thereby  offered  an  imusual  opportunity  for  leadership.  A 
few  of  the  letters  received  from  mill  men  are  included  in* Appendix  I 
and  will  prove  interesting  reading.  The  Crossett  Lumber  Co.  of 
Crosse tt^  Ark.,  increased  its  production  33  per  cent  bv  malaria 
eradication;^  and  the  San  Augustine  Lumber  Co.  of  Keltys.  T^., 
shipped  20  per  cent  more  hunber  the  jear  following  control  woik 
than  ever  before,  resulting  in  $30,000  mcreased  freight  revenue  to 
the  Cotton  Belt  Railway.*  The  superintendent  of  the  Jerome  Lumber 
Co.  at  Jerome,  Ark.,  estimates  a  10  per  cent  improvement  in  his 
labor  efficiency  and  a  more  perman^it  oiganization  as  a  result  of 
malaria  control. 

RECOMMENDATIONS  FOR  A  MALARIA  CONTROL  PROGRAM. 

GENERAL   OONSIDBRATIONS. 

The  ultimate  aim  of  a  railroad  malaria  control  pro-am  should  be  to 
eliminate  malaria  wherever  it  is  serious  enough  to  oecome  a  charge 
against  operating  expenses  or  to  result  in  loss  of  revenue.    A  complete 

Erogram  need  not^  in  fact,  could  not,  be  undertaken  at  the  beginning, 
ut  the  several  parts  should  be  adopted  in  the  order  ci  the  benefits  to 
be  expected  per  dollar  expended.    It  should  include: 

(1)  Protection  of  employees  against  malaria  infection  by  such 
methods  as  are  most  applicable  to  their  mode  of  living:  Effective 
screening  of  bunk  cars,  section  houses,  and  offices;  swattii^  such  moe- 
quitoes  as  gain  entrance  into  bunk  cars  and  section  houses;  the  ad- 
ministration of  quinine  in  prophylacticdoses  to  ''floating"  gtfngs,  which 
are  most  liable  to  infection,  and,  possibly,  to  some  s^^tion  men*  the 
inauguration  of  antimosquito  measures,  sudi  as  draini^e  and  ouing, 
in  cooperation  with  mimicipaUties  where  considerable  numbers  of 
railroad  employees  and  then:  families  are  concentrated;  systemalic 
education  of  employees  in  the  importance  of  malaria  control  by  means 
of  personal  talks,  posters,  and  exhibits,  in  order  to  conviot  thcar 
hostility  or  passive  acquiescence  into  active  cooperation  in  this 
program. 

1  From  ''Malaria  Control  DemonstratioiiB/'  by  Sparks,  Derivaux,  and  Taylor;  R«print  No.  47t,  P&tfette 
Health  Reports,  July  12, 1918. 
s  From  '^Tbe  RelaUon  of  the  Railroads  in  the  South  to  the  Problem  of  Jfalaria  and  Ita  CoDCrol,*'  by 

R.  C.  Derivatuc;  Reprint  No.  480,  PubHc  Health  Reports,  August  2, 1918. 
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Table  12. — Condition  of  screens  on  Missouri  Pacific  Railroad  property^  February- April, 

19tt. 


BraDch  and  class  of  building. 

Number 

in- 
spected. 

Number 

un- 
screened. 

• 

Number 
screened. 

Mesh. 

• 

Reported  mos- 
quitoes gain 
entrance. 

Bffecw 
tivdy. 

Not 
effec- 
tively. 

16 

Under 
16. 

Yes. 

No. 

mxnm  ditision. 

Wynne  to  Helena: 

Section  houses 

7 
1 
6 
4 
10 

2 
-      3 

4 

7 
3 
3 

1 

1 
2 
7 

1 

1 

3 
4 
5 

1 
2 
2 

2 
3 

2 

1 

4 

0 
0 
0 

I 
0 

0 
0 

1 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 

0 
0 
0 

1 
2 

0 
0 

0 
1 
0 

1 
0 

0 
0 
0 
0 

0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

0 
0 

7 
1 
« 
2 
8 

2 
3 

3 
« 
3 
2 
1 

1 
2 
7 

1 

1 

3 
4 

1 
2 
2 

? 
3 

2 

I 
4 

4 
1 
3 
'  2 
9 

1 
2 

1 
5 
3 
3 
0 

1 

2 

.    5 

1 

0 

0 
0 
0 

0 
0 
0 

2 
3 

0 

1 
4 

3 
0 
3 

1 
1 

1 
1 

2* 

0 
•0 

1 

0 
0 
2 
0 

1 

3 
4 

5 

1 
2 
2 

0 
0 

2 

0 
0 

5 

Bonk  houses 



Ticket  offices 

5 

1 
2 

2 
3 

3 
5 
2 

0 

1 

Ftei|;fat  and  baggage  olBces. . . 

'.W'.'.'.W 

2 

ICaiianna  to  Memphis: 
Ticket  ofBcflS, 

0 

SectionhoaMS. .  w. . ..  .  .  . 

0 

Hernials  to  New  Augpista: 

xicket  oflces 

Section  houses 

1 

Bvink  <^arji- 

Bunk  houses 

i 

Division  office 

1 

LOU«ANA  DIVI8ION. 

ICcGehee  to  Monroe: 

Store  rooui  ofDce ............. 

0 

Bunk  cars 

Section  houses 

6 

1 

1 

3 
4 

3 

Ticket  office 

0 

CoUinston    to   Vidalia,   section 

hOQSf} 

0 

masouBi  DivmoN. 

Poplar  Bluff  to  Hoxie: 

Bnnk  cars 

0 

Ticket  offices 

0 

Section  houses 

Poplar  Bluff  to  Charleston: 

Section  hmse 

Tifcket  offlwiff. . . 

•      1 

1 

Bnnk  cars 

AKKAK8A8  DIVISON. 

little  Rock  to  Pine  Bluff: 
Bvink  honiie-  -,.-,,.- 

1 
2 

1 

1 

4 

Section  houses 

Pine  Blnff  to  Boiton,  section 
lionses 

BflOtoD  to  Hope: 

Bonk  cars 

0 

Sectimi  houses 

0 

TOTALS. 

40 

6 

21 

10 

6 

0 
0 
0 

1 
1 

1 
1 

2 
0 

1 

30 

5 

19 

18 

4 

23 
6 

15 
6 

3 

17 
0 
6 
9 

2 

30 

1 

8 

15 

2 

1 

Bunk  honse* 

1 

Bankcars- -...-.,., r...  , 

2 

Tl^et  offlcev-  - 

1 

Fr^cbt,  baggage,  and  divi£ion 

1 

92 

2 

6 

86 

43 

34 

56 

ft 
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Table  13. — Screenable  buiUHrigs^  by  divisiontf  19tt. 


• 

MisBoori 
DiYiaoQ. 

Arkanaaa 
DivisiOQ. 

Memphis 
DirfsUvL 

T..0^^iM4 

Class  of  buUdinK. 

• 

DiTiaiaa. 

Tolal. 

SUtloos: 

(o)  Passeneer 

4 

8 

88 

104 
00 

5 

f 

Ih)  Freieht'. W 

1 

}cS  Combined 

70 
42 
37 
38 

90 
24 
«5 

112 
« 

47 

Bunk  cars 

^K 

flectinn  hn^UKm 

ST 

Cabooses 

^S 

If  {jiCfMl^nnofiiii , .    ,...,...,...... 

62 

B 

^r 

Total 

187 

241 

273 

sn 

*A 

s. 

Effectively 

Screened 

5A% 


Umscreened 
2.2;^ 


JU 


Fio.  16.-^hart  showing  coodiUon  of  screening  in  02  places  investigated. 

(2)  Cooperation  with  the  several  State  health  officers  in  pointiae 
out  to  cities,  mill  towns,  and  farming  communities  the  buraea  thef, 
are  carrying  in  the  form  of  limited  production  from  inefficient  laboV} 
and  the  inauguration  of  cooperative  malaria  control  campaigns jto-, 
lighten  this  burden  for  their  own  advantage  as  well  as  the  railroad^ 
The  financial  well-being  of  the  railroad  is  dependent  on  that  of  i^ 
territory.  _ 

SCREENING   AND   SWATTING. 

The  first  practical  line  of  defense  against  malaria  in  the  case  of 
the  two  classes  of  employees  showing  the  highest  rate  of  infection, 
i.  e.,  ''floating''  gangs  (bridge  and  building,  extra,  and  fence)  and 
section  men,  is  proper  screening.  The  railroad  spends  many  thousand 
dollars  annually  for  screening  bunk  cars,  section  houses,  cabooses, 
offices;  vet  inspection  .shows  only  5  per  cent  of  them  effectively 
screened  (fig.  16).  The  expenditure  is  practically  wasted  because 
repairs  and  replacements  of  screens  are  made  without  proper  super- 
vision by  many  different  individuals  who,  though  carefiu  in  their 


,.  21.— WINDOW  SCREEN  ON  A  BUNK  CAR,  THE  WIF 
ALL  OUT  OR  RUST  A  HOLE  IN  THE  WIRE.  STRIPS 
HE   EDGES   WOULD   REMEDY   THIS  CONDITION. 
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work,  are  ignorant  of  the  minute  details  that  must  be  complied  with 
for  mosquito-proof  results  (figs.  17-21).  In  its  instinctive  search  for 
a  blood  meal  the  Anopheles  mosquito  will  find  the  small  apertures 
that  are  often  overlooKed.  The  use  of  faulty  screens  affords  a  false 
sense  of  security.  A  list  of  faults  in  screening  and  specifications 
reconmiended  for  proper  screening  on  malarious  divisions  of  the 
railroad  are  included  m  Appendices  II,  III,  and  IV.  A  competent 
company  carpenter  on  each  of  the  malarious  divisions  should  be 
educated  in  proper  screening  methods,  and  should  be  held  responsible 
for  slU  the  screening  work  on  his  division.  He  should  be  authorizefl 
to  make  trips  at  regular  intervals  during  the  mosquito  season  to 
inspect  both  their  construction  and  maintenance.  The  importance 
of  proper  use,  instead  of  .abuse,  of  screens  should  be  impressed  on 
employees  by  division  officers,  and  each  foreman  should  be  held 
responsible  for  the  condition  and  proper  use  of  his  screens.  Possibly 
a  system  of  competitive  scoring  oi  screen  effectiveness,  with  prizes  for 
the  hi^est  scores,  would  arouse  the  interest  of  employees.  It  is  thus 
possible,  without  any  material  increase  in  cost,  to  have  screens  that 
will  keep  out  mosquitos  instead  of  serving  as  mosquito  traps. 

Some  Anopheles  mosquitoes  will  gain  entrance  ink)  houses,  and  par- 
ticularly into  bimk  cars,  even  with  perfect  screening,  when  doo^  are 
onened  in  the  evening.  Cars  should  be  "spotted,"  whenever  pos- 
sible, in  a  mosquito-free  locality.  Having  found  a  wav  in,  mosquitoes 
wiU  attack  the  occupants,  but  will  remain  on  the  walls  and  screens  to 
digest  their  meal  until  morning,  wlien  they  will  attempt  to  leave. 
Tney  will  find  escape  more  difficult,  their  appetites  satisfied,  than 
gaining  entrance,  and  some  will  remain  to  nite  again.  They  can 
easilv  be  fotmd  and  swatted  while  at  rest  early  in  me  morning,  and 
by  this  simple  method  many  infected  mosouitoes  can  be  destroyed. 
Systematic  swatting  in  outnt  cars  by  employees  should  be  encour- 
aged (or  negro  boys  hired  for  this  work).  In  section  houses  the 
swatting  may  be  done  by  employees  and  their  families. 

QUININE   ADMINISTRATION. 

Although  screening  and  swatting  provide  considerable  protection 
to  ''floatmg"  gangs  and  section  men,  a  certain  number  of  these  em- 
ployees are  bound  to  be  bitten  and  infected.  Many  section  men  do 
not  live  in  company  hoif^es  and  are  seldom  protected  by  screens. 
Quinine  taken  in  prophylactic  doses,  5  to  7  grams  daily,  or  16  grains 
approximately  every  eighth  and  ninth  day.'  during  the  malaria  sea- 
son, will  prevent  the  development  of  the  malarial  parasite  in  the  blood 
in  many  instances.  The  company  should  issue  quinine  in  capsules 
monthlv  to  foremen  of  bridge  and  building,  extra,  fence,  and  section 
gangs  for  dispensing  to  their  men.  The  cost  would  be  nominal — 
about  $1.25  per  season  per  employee.  Each  foreman  must  be  held 
responsible  for  the  proper  distribution  and  use  of  the  capsules,  and 
must  see  to  it  that  the  men  take  the  quinine  instead  of  throwing  it 
away.  The  foremen  should  be  required  to  report  monthly  the  amoimt 
taken  by  each  man,  with  dates.     This  feature  of  the  program,  even 

*  Both  dosages  have  been  oaed  sucoessfuDy.  See  "  Prophylaxis  of  Malaria/'  bv  S<^ior  Sure,  (now  Asslst- 
aat  SurgeoQ  Ocoeral)  H.  R.  Carter,  United  States  Pabllc  Health  Service;  reprint  No.  iM,  Public  Health 
Reports,  March  27, 1914. 
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more  than  the  others,  can  not  be  successful  until  the  foremen  and  the 
men  have  been  educated  to  the  value  of  preventive  measures. 

Frequently  malaria  cases  leave  the  hospital,  or  discontinue  treat- 
ment prescrioed  by  local  surgeons,  in  a  few  days,  under  the  impression 
that  the  absence  of  chills  and  fever  signifies  a  complete  cure.  A 
thorough  cure,  however,  requires  complete  sterilization  and  is  often 
obtained  only  by  protracted  treatment  with  6uinine.  Inadequately 
treated  malaria  cases  are  prone  to  relapse.  Company  surgeons  can 
help  to  reduce  such  relapses  by  insisting  on  prolonged  treatment,  not 
necessarily  in  the  hospital;  and  winter  and  early  spring  relapees 
should  be  diligently  followed  up  and  completely  stenlizea,  as  sik^ 
cases  are  reservoirs  from  which  mosquitoes  carry  infection  to  othen. 
The  standard  quinine  treatment  for  malaria  adopted  by  the  National 
Malaria  Committee  and  approved  by  the  tJhited  States  Public  Health 
Service  is  given  in  Appendix  V. 

ANTIHOSQUITO  OABfPAIGNB  IN   RAILROAD  TOWNS. 

Screening,  swatting,  and  quinine  prophylaxis  protect  Uie  em- 
ployee agauist  the  bite  of  the  mosquito  and  the  development  of 
infec^on.  Antimosquito  measures  prevent  the  development  of  the 
mosquito  itself  and  are  therefore  more  effective  in  preventing  malaria. 
The  cost  of  such  measures  varies  with  the  area  protected,  h^nce  they 
are  economical  in  towns,  but  in  rural  sections  the  per  capita  cost  is 
often  prohibitive.  Antimosquito  work  i^  based  on  the  female  mos- 
quito's habit  of  laving  h^  cuggs  on  the  surface  of  stagnant  or  slowly 
moving  water,  and  even  on  the  grass  protected  edges  of  rapid  streams. 
The  eges  soon  hatch  into  larvse,  or  wiggletails;  these  turn  into  pupe, 
or  tumblers,  and  from  the  latter  finally  emerges  the  adult  insect 
which  leaves  the  water  and  flies  off  in  search  of  its  fij^t  meal.  Tlie 
entire  cycle  from  egg  to  adult  occurs  in  from  8  to  10  days  in  hoi 
weather,  longer  at  low  temperatures.  Drainage  and  filling  eliminate 
the  breeding  places.  When  these  are  impracticable,  oiling  destroys 
the  aquatic  lorms  by  poisoning  and  suffocation,  or  top  minnows  may 
be  introduced  to  feed  on  the  larvse  and  pupse;  in  either  case  aquatic 
vegetation  must  be  removed  as  it  affords  protection  to  the  **  wig^e- 
taus."  Of  the  many  species  of  mosquitoes  found  in  this  temtorj 
only  three,  the  Anopnelmes,  are  capable  of  transmitting  the  malarial 
organism  from  the  olood  of  an  infected  person  to  that  of  a  healtliy 
one.  Mosquito  control  as  a  health  measure  should  be  limited  to 
these  species;  but  frequently  the  public  is  willing  to  pay  for  the 
elimination  of  the  pestiferous  varieties  for  the  sake  of  conofort. 

By  the  creation  of  undrained  borrow  pits,  the  construction  of  cul- 
verts at  so  high  an  elevation  as  to  partially  impound  water  above  them 
and  the  maintenance  of  poorly  drained  ditches,  the  railroad  has  added 
materially  to  the  prevalence  of  malaria.^  In  future  construction 
these  errors  should  oe  avoided  so  far  as  possible. 

Some  antimosquito  work  is  advisable  around  section  houses  and 
stations.  The  section  foreman  can  drain,  fill,  and  oil  in  the  immediate 
vicinity  of  the  house.  At  stations  fire  barrels  should  be  oiled  lightly 
at  weekly  intervak,  water  tanks  made  tight  to  prevent  the  formatioii 
of  pools  by  leakage,  ditches  kept  dean,  and  borrow  pits  drained  or 
filled. 

4  See  also  "  Railroad  Malaria  ProUems,"  by  H.  W.  Van  Hoyenberg,  in  PobUc  Bmkth  Bnltotln  No.  lOi 
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Antiinosquito  measures  are  usually  the  bbay  protection  for  em- 
ployees concentrated  in  towns,  as  at  snop  and  division  points.  Both 
the  municipality  and  the  railroad  are  interested  and  should  cooperate. 
In  shop  towns  many  of  the  employees  are  usually  concentrated  in 
the  immediate  vicinity  •of  the  shops  and  the  remainder  are  scattered 
throxighout  the  town.  An  equitable  basis  of  cooperation  would  be 
the  assimiption  by  the  railroad  of  the  work  in  the  shop  area  and  on 
the  right-of-way  through  town.  Where  the  town  will  not  cooperate 
the  railroad  can  protect  many  of  its  employees  by  instituting  anti- 
mosquito  measiu'es  in  the  shop  area  only.  The  railroad  will  more 
readily  obtain  municipal  cooperation  by  making  a  malaria  survey  of 
the  town,  outlining  proper  methods,  offering  supervisory  assistance, 
and  svLppljinji  mosquito  oil  at  cost.  (In  this  way  it  can  also  be 
assurea  of  effective  control.)  The  most  important  towns  on  the 
Missouri  Pacific  Railroad,  from  the  point  of  view  of  the  number  of 
employees  and  the  malaria  prevalence  amon^  them,  are  North  Little 
Rock,  Little  Rock,  McGehee,  Monroe,  Texarkana,  Hoxie,  Alexandria, 
Gurdon,  Poplar  Bluff,  Lexa,  Helena,  Paragould,  Ferriday,  Lake 
Charles,  Wynne,  and  DeSoto  (Table  14).  Some  of  these,  including 
North  Little  Rock,  Little  Rock,  Texarkana,  Lake  Charles,  and  possibly 
others,  are  continuing  antimalaria  measures  begun  in  previous  years 
(Table  3);  these  should  be  given  some  cooperation  with  a  view  to 
unproving  the  effectiveness  of  the  work. 

Table  14. — Malaria  raUt  among  oui-patient  employees  at  mast  important  tovme,  1921, 


Town. 


Total 

am- 

ployees» 

1921. 


Alexandria,  La 

I>«8oio,  Mo. 

Ferriday,  La 

GurdOD,  Ark 

Belena,  Ark. 

Hoxle ,  Ar  k. 

Lake  Charles,  La 

l«xa,  Ark 

UtUe  Rock,  Ark 

ICcOehee.  Ark 

If  ooroe.  La. 

North  Little  Rock,  Ark. 

Paragould,  Ark 

Pedlar  Bluff.  Mo. 

Texarkana,  Ark 

Wynne,  Ark 


421 
712 
130 
219 
168 
291 
105 
1$5 
461 
643 
604 
2,419 
321 
188 
216 
121 


Res- 
ident 

em- 

plovees 

(omce, 

shop, 

and 
yard) 


282 

644 

91 

89 

126 

163 

73 

96 

145 

392 

467 

2,413 

231 

90 

191 

49 


Number 
treated. 


In- 
jured. 


Sick, 
inelud- 

in£ 
man* 

ria. 


200 
921 


416 
179 

83 
431 

3,282 
901 
610 

9,714 
792 
404 
633 
132 


TotaL. 


7,174 


6.662         19.722 


23 
191 


177 
730 


Mala- 
ria. 


36 
41 


48 

368 

183 

36 

143 

57 

222 

772 

92 

8 

75 

7 

41 

390 

106 

349 

2,933 

516 

76 

826 

144 

72 

568 

72 

1,232 

8,482 

1,293 

172 

620 

30 

20 

384 

129 

85 

548 

111 

30 

102 

16 

Malaria  cases. 


Per  100 
total 
em- 
ployees. 


9 
6 


83 
34 
32 

7 
68 
112 
22 
12 
63 

9 
69 
51 
13 


Per  100 

sick   . 
cases. 


20 
6 


50 
40 
12 

9 
27 
18 
17 
13 
15 

5 
34 
20 
16 


2,604 


17,118 


2,832 


-I- 
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Other  towns  such  as  McGehee,  Monroe,  Alexandria,  and  Helena, 
which  carried  on  control  work  in  the  past,  may  not  continue  this 
year;  these  should  be  offered  assistance  and  encouraged  to  keep 
the  York  going.  The  rwlroad  should  make  every  effort  to  inaugu- 
rate work  in  the  remaining  towns,  which  have  never  undertaKen 
malaria  control;  or,  at  least,  to  adopt  control  measures  in  the  shop 
areas.  In  connection  with  this  survev  malaria  surveys  were  made 
of  Little  Rock,  North  Little  Rock,  McGehee,  Monroe,  Paragould, 
Wynne,  and  Pine  Bluff. 
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ANTIMOSQUTTO     CAMPAIQN8     IK     AQBICX7LTURAL     OOMMUNITIES     AND 

INDUSTRIAL  TOWNS. 

All  of  the  towns  listed  above  as  shop  and  division  points  are  impor- 
tant to  the  railroad  from  a  revenue  standpoint  Jtlso.  These  and  other 
commercial  and  industrial  communities  shoiud  be  encouraged  and 
assisted  in  inaugurating  malaria  control  campiugns.  The  riulroad 
will  find  assistance  rendered  such  towns  in  the  way  of  making  sur- 
veys, supplying  technical  supervision,  f mulshing  oil  at  cost,  and 
drainage  on  company  property,  a  profitable  investment.  The 
stamping  out  of  malaria  spells  ^eater  prosperity  for  these  towns 
and  mcreased  revenue  for  the  railroad.  Many  towns  have  already 
undertaken  control  work  (Table  3)  with  gratifying  results.  Others, 
including  the  lumber  mUl  towns  of  Glenmora,  Clarks,  VTilmar,  Warren, 
and  Arkansas  Gty,  with  a  combined  capacity  of  300,000,000  feet 
of  lu^lber  a  year,  recognize  their  handicap  and  are  asking  for  malaria 
surveys  and  advice  on  control  methods.  The  riulroad  is  offered  an 
imusual  opportunity  for  leadership  in  the  development  of  its  terri- 
tory which  it  can  not  afford  to  neglect.  It  can  set  an  example  of 
proper  sanitation  to  its  communities  that  will  awaken  their  pride, 
encourage  imitation,  and  convert  the  attitude  of  criticism  against 
railroads  to  one  of  cooperation. 

Malaria  is  essentially  a  rural  disease  and  agriculture  feels  its  in- 
fluence. Agricultural  products  contribute  largely  to  freight  rev- 
enues; therefore  the  railroad  would  do  wisely  to  cooperate  with 
State  and  county  health  departments  in  promoting  rural  malaria 
control  and  to  encourage  the  tormation  of  drainage  districts  for  health 
as  well  as  agricultural  Benefits.  Plantation  owners  and  n^o  farm^^ 
miglft  be  permitted  to  cultivate  the  unused  strips  along  3ie  right  of 
way  in  return  for  maintaining  proper  drainage  along  the  company's 
lines,  under  the  supervision  of  the  section  foremen.  Such  a  plan  would 
have  little  direct  influence  on  the  rural  malaria  rate,  but  it  would 
foster  imitation  among  farmers  and  would  result  in  the  extension  of 
antimalaria  drainage. 

EDUCATIONAL  MEASURES. 

Employees  and  communities  must  be  informed  of  the  toll  exacted 
by  malaria  and  educated  to  the  necessity  for  adequate  control  if  the 
railroad's  antimalaria  progjram  is  to  be  a  complete  success.  He 
railroad  must  ''sell''  malaria  control  to  its  own  personnel  as  well  as 
to  the  general  public  to  obtain  the  cooperation  that  is  so  essential. 
Mill  superintendents,  city  and  county  officials,  business  men's 
clubs,  and  others  who  control  the  purse  strings  of  the  community 
will  finance  their  control  work  if  properly  approached.  The  right 
kind  of  educational  propaganda  is  the  seea  from  which  will  develop 
a  permanent  and  luxuriant  growth  of  malaria  control  work,  with  a 
mmimum  of  expense  to  the  company. 

Exhibits  showing  in  concrete  form,  by  models,  posters,  and  charts, 
the  habits  of  mosquitoes,  how  they  transmit  malaria,  proper  methods 
of  prevention,  are  valuable  because  easDy  understood  by  even  the 
illiterate  ne^o  laborer.  Their  usefulness  is  multiplied  if  they  are 
transported  irom  place  to  place,  to  be  shown  to  employed,  clt>\  offi- 
cials, the  public,  at  coimty  fairs  and  before  school  onildren.    Ekiuca- 
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tional  measures  should  also  include  personal  talks,  with  and  without 
the  exhibits;  i>06ters  placed  in  waiting  rootis,  shops,  and  bunk 
cars;  malaria  primers  distributed  to  floatmg  ganss,  to  school  children, 
and  others;^  public  talks  before  business  meirs  clubs  and  similar 
civic  bodies. 

ORGANIZATION   AND   COST. 

Hie  complete  program  outlined  above  can  not  be  imdertaken  at 
once,  but  may  be  developed  in  the  course  of  two  or  three  years.  An 
organization  lor  handling  it,  when  fully  developed,  and  the  estimated 
annual  cost,  would  include: 

'a)  X  directing  sanitaiy  engineer $5, 000 

\b)  1  clerk-stenographer 1, 200 

fc)  3  sanitary  inspectors,  at  $1,500 4, 500 

\a)  1  extra  gang,  part  time,  or  equivalent  local  labor,  for  drainage  and  oiling. .  4, 000 

[tf)  Exhibits,  posters,  printing,  incidentals 500 

;  Prophvlactic  quinme  for  floating  gangs  and  section  men 3, 000 

0  Travel  expenses,  director  and  inspectors 3, 000 

TotaL 21,200 

As  a  laboratory  te<^ician  is  essential  for  detecting  the  presence 
of  malaria  infection  in  the  blood,  the  laboratory  personnel  employed 
in  the  employees'  hospitals  should  be  made  available  for  this  purpose 
in  connection  with  the  proposed  programi 

*  During  the  first  year  a  reasonably  practicable  program  would  em- 
brace: (1)  improved  screening  of  section  houses  and  bunk  cars; 
(2)  cooperation  with  all  tdwns  already  doing  control  work;  (3)  in- 
auguration of  antimosquito  campaigns  around  two  or  three  other 
shop  areas,  like  Hoxie,  Lexa,  Poplar  Bluff,  preferably  with  munic- 
ipal cooperation;  (4)  surveys  and  inauguration  of  work  in  .two  or 
tiuree  important  null  towns;  (5)  educational  measures  leading  to 
quinine  prophylaxis  the  second  year;  (6)  sterilization  of  winter  ear- 
ners of  the  malarial  organism  among  employees  by  hospital  and 
contract  surgeons.    The  Mst  year's  program  will  require  the  following : 

1  directing  sanitary  engineer $5,000 

1  clerk-stenographer , 1, 200 

c)  1  sanitary  inspector 1, 500 

d)  1  extra  gang,  part  time,  or  equivalent  local  labor,  for  drainage  and  oiling 
(approximate) 2, 000 

Exhibits,  posters,  printing,  incidentals 500 

Travel  expenses,  cfirector  and  inspector 1, 500 

Total 11,700 

The  success  of  the  proCTam  will  rest  almost  entirely  on  the  proper 
selection  of  a  director.  The  nature  of  the  work  will  require  a  high- 
class  sanitary  engineer  of  broad  experience  in  antimalana  work  and 
a  knowledge  of  general  sanitation.  He  must  be  a  man  who  can 
obtain  the  support  of  railroad  officials,  the  confidence  of  railroad 
employees,  and  the  cooperation  of  towns  and  mills.  A  high-class 
director  will  bring  results  far  in  excess  of  his  higher  salary  by  his 
ability  to  handle  the  work  with  greater  efficiency,  by  his  judgment 
of  what  is  essential  and  what  is  wasteful  expenditure,  bjr  lus  mowl- 

edge  of  State  and  Government  health  officers  and  their  methods, 

-^  I  ■  -■-.-■ 

»  TlM  Ucdtod  8Ut«s  Public  Health  8«rrlM  hM  pnbliahed  an  exoeOflDt  primer  for  this  purpow  «atitled, 
**  ICalATia  :  Lenoos  oq  Its  CauM  and  Preveotioo/^Suf^enMOt  No.  18  to  the  Public  Health  Reports. 
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and  by  his  ability  to  g^t  a  maximum  amount  of  work  done  by  towns 
and  nulls  with  a  minimum  expense  to  the  railroad. 

WhDe  malaria  constitutes  the  most  serious  sanitary  problem  on 
the  southern  divisions  of  the  system,  there  are  other  health  problems 
which  the  railroad  may  wish  to  solve  in  the  near  future,  such  as 
toilet  and  privy  sanitation  and  a  wholesome  drinking  water  suppljr  at 
stations  and  on  trains.  State  and  Federal  legislation  for  protecting 
the  health  of  employees  and  the  traveling  public  on  conmion  car- 
riers grows  more  stringent  and  far  reacfing  every  year,  and  the 
railroad  will  profit  by  being  properly  prepared  to  comply  with 
practical  regulations.  The  railroad  malaria  organization  can  and 
should  be  developed  into  a  sanitary  operating  imit,  with  practically 
no  additional  expense.  Malaria  control  is  a  warm-weather  activity, 
and  while  surveys  and  educational  work  can  be  conducted  in  the 
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Fio.  22.— Cbart  showing  reduction  In  hospital  malAiia  cases  amons  Cotton  Belt  (St.  Louis  Southwesten) 

Railway  employees  following  antimalaria  worlc. 

winter  months,  the  personnel  can  devote  a  portion  of  its  time  to 
other  sanitary  problems  during  the  winter  season.  The  sanitary 
unit  should  operate  under  the  Chief  Engineer  or  the  Board  of  Hos- 

SitfJ  Managers,  depending  on  whether  the  railroad  or  the  Employees' 
[ospital  Association  finances  it. 

MALARIA   CONTROL  EXPERIENCE   OF  OTHER   RAILROADS. 

The  experience  of  other  railroads  that  have  imdertaken  the  con^i 
of  malaria  demonstrates  not  only  that  such  work  is  thoroughly 

Eracticable,  but  that  it  may  be  an  excellent  investment  from  t 
ufliness  viewpoint. 

The  St.  Louis  Southwestern  Railway,  operating  in  territoir  very 
similar  to  that  of  the  southern  divisions  01  the  lifussouri  Pacific^  has 
conducted  malaria  control  since  1917  (%.  22).  Instigated  and  sup- 
ported at  first  privately  by  Mr.  Edwin  Gfould,  chairman  of  the  board 
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of  directors,  the  work  proved  so  profitable  that  the  company  in  1920 
established  malaria  control  as  a  permanent  railroaa  enterprise. 
From  1917  to  1920  Mr.  Gould  contributed  over  $40,000  to  the  work. 
In  the  beginning  practically  all  the  fimds  for  field  work  were  from 
this  source;  whue  in  1920  practically  75  per  cent  of  the  cost  was 
suppUed  by  the  cities. 

In  four  years  there  resulted  a  saving  of  $140,000  in  hospital  cases 
alone,  an  estimated  saving  of  three  or  four  times  this  amount  in 
increased  efficiencv  of  rauroad  labor,  and  an  increase  in  freight 
revenues  that  could  not  be  estimated.  The  work  is  directed  by  a 
sanitarv  engineer  responsible  to  the  president.  The  program  was 
gradually  developed  to  include  antimosquito  campaigns  in  shop  and 
mill  towns,  screening  and  swatting  in  bunk  cars,  cabooses,  and  sec- 
tion houses,  educational  work  with  the  aid  of  a  well-equipped  exhibit 
car,  quinine  prophylaxis  for  bridge,  building,  and  section  men,  and 
the  sterilization  oi  winter  carriers.  In  1919  the  malaria  control 
organization  was  developed  into  a  sanitary  control  imit  with  a 
program  embracing  (1)  malaria  operations;  (2)  protection  and 
certification  of  water  suppUes;  (3)  sanitary  control  oi  camp  cars  and 
cattle  pens;  (4)  inspection  oi  food  furnished  by  labor  contractors 
and  by  restaurants  at  division  and  shop  points;  (5)  beautification  of 
stations  and  section  houses;  (6)  sanitary  control  of  railroad  property 
to  improve  its  physical  life;  (7)  rat  eradication  campaigns  to  reduce 
freight  damage  claims  and  destruction  of  physical  property;  (8) 
health  education  among  employees. 

The  Central  of  Geoma  Railway,  as  a  result  of  a  survev  made  by 
the  United  States  Pubuc  Health  Service  in  1919,  adopted  a  malaria 
control  program  directed  primarily  at  the  protection  of  employees. 
The  director,  a  sanitary  engineer,  reports  to  the  chief  surgeon. 
The  work  embraces  (1)  screening  of  section  houses  and  bunk  cars; 
(2)  drainage  and  oiling  at  two  important  shop  towns;  (3)  cooperation 
with  towns  engaged  m  malaria  control;  (4)  intensive  educational 
measures,  including  talks  to  employees,  especially  foremen,  distri- 
bution of  malaria  primers  to  section  and  bridge  gwgs,  publication  of 
articles  on  malana  prevention  in  the  Right^of^Way  Magazine,  the 
use  of  posters  in  waiting  rooms,  shops,  etc.;  in  fact,  malaria  control 
is  advertised  as  widely  as  the  safety-fiirst  campaign.  Shop  super- 
visors have  noticed  a  great  improvement  in  the  efficiency  of  tneir 
skilled  labor.  The  company  is  pleased  with  the  results  (fig.  23), 
and  the  prospects  are  that  the  work  will  be  expanded  in  the  near 
future. 

On  the  Illinois  Central  Railway  a  malaria  survey  was  completed 
last  year  by  the  United  States  Public  Health  Service,  and  this  rail- 
road is  now  undertaking  antimosquito  measures  at  certain  of  its 
shop  areas.  This  railroad  also  has  a  health  officer  who  looks  after 
railroad  sanitation.  Other  railroads  evince  a  growing  inter^t  by 
uquiries  regarding  malaria  control.  The  time  seems  not  far  distant 
ivhen  most  of  the  southern  railroads  will  go  over  the  top  in  the  attack 
igainst  the  greatest  economic  handicap  of  the  South. 
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Malaria  REDocnoN  by  screening 
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SUMMARY. 

A  malaria  survey  of  the  Missouri  Pacific  Railroad  lines  south  of  St. 
Louis  was  conducted  during  1922  by  the  United  States  Public  Health 
Service  in  cooperation  with  the  Missouri  Pacific  Railroad  Co.  and  the 
State  health  officers  of  Arkansas  and  Louisiana. 

The  purpose  of  the  sm*vey  was  to  determine  the  prevalence  of 
malaria  among  employees  of  the  railroad,  to  ascertain  the  effect  of 
malaria  on  operating  costs  and  railroad  revenues,  and  to  make  proper 
recommendations  to  the  railroad  for  the  economical  control  of  tnis 
disease. 

During  the  past  23  years  the  number  of  employees  given  hospital 
treatment  for  malaria  averaged  over  1,000  annually,  which  con- 
stituted 33  per  cent  of  all  hospital  admissions  and  45  per  cent  of  all 
sick  cases.  For  the  same  period  injuries  and  surgical  cases  combined 
totaled  only  75  per  cent  oi  malaria  admissions.  In  1921  over  50  per 
cent  of  all  medical  admissions  to  the  Monroe  Hospital  were  for  malaria. 
In  addition,  over  4,000  employees  receive  out-patient  treatment  for 
malaria  each  year.  The  malaria  census  on  four  southern  divisions 
shows  that  only  18  per  cent  of  the  malarial  employees  entered  the 
hospital  in  1921,  that  only  68  per  cent  even  visited  a  doctor,  and  that 
32  per  cent  of  all  employees  mterviewed  gave  positive  histories  for 
1921.  Employees  receiving  in-patient  treatment  for  malaria  spend 
an  average  of  nine  days  in  the  nospital.  The  hospital  malaria  rate 
is  eight  times  higher  among  employees  working  south  of  St.  Louis 
than  among  those  west  of  that  point.  The  rate  for  the  entire  system 
(1920-21)  was  11.5  per  thousand,  the  maximimi  rate  of  72.2  occur- 
ring on  the  Louisiana  division.  Of  the  various  occupational  groups 
on  the  southern  divisions  the  bridge  and  building  crews  and  the  extra 
gangs  have  the  highest  hospital  malaria  rate  (79.7)  and  shopmen  the 
lowest  (11.0).  CoiDcident  with  the  protection  afforded  to  an  increas- 
ing nimiber  of  railroad  employees  by  the  inauguration  of  organized 
antimalaria  work  in  communities  along  the  Missouri  Pacific  Railroad, 
be^nning  in  1916,  a  marked  drop  occurred  in  the  employees'  hospital 
tn^aria  rate. 

With  the  subnormal  personnel  of  1920,  the  cost  of  hospital  treat- 
ment for  malarial  employees  that  year  was  over  S25,000.  Transpor- 
tation of  malarial  employees  to  and  from  the  hospital  and  the  pay  of 
monthly  employees  aosent  from  work  with  malaria  are  also  tan^ble 
charges.  Statements  from  railroad  foremen  indicate  that  malaria 
constitutes  an  enormous  charge  against  the  cost  of  operation  by 
reducing  the  efficiency  of  labor,  by  producing  a  shortage  of  labor, 
and  by  creating  a  high  labor  turnover.  Employees  on  malarious 
divisions  are  di^atisfied  because  of  frequent  siclmess  in  the  family 
and  the  excessive  expenditures  for  medical  attention. 

A  similar  condition  exists  among  the  agricultural  and  industrial 
enterprises  in  this  territory,  and  the  railro^'s  passenger  and  freight 
traffic  suffers  the  consequences.  Letters  from  mill  superintendents 
attest  the  true  economv  of  controlling  malaria  and  the  increasing 
demand  for  control  worK. 
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ReccMnmendations  for  a  railroad  malariarccmtrol  program  embrtce 
(1)  protection  of  employees  by  methods  most  appli^ble  to  their 
mode  of  living,  includmg  effective  screening  of  buim  oars  and  section 
houses,  swattmg  of  mosquitoes,  prophylactic  quinine  for  '^floating" 
gangs  and  section  men,  antimosquito  campaigns  in  shop  towns  and 
division  points,  and  educational  measures;  (2)  cooperation  with  Stat« 
and  local  health  departments  in  the  inauguration  of  cooperative  &nti- 
mosQuito  campaigns  in  cities,  mill  towns,  and  farming  eommusities 
on  tne  line  of^  the  Missouri  racific  Railroad.  For  the  first  year  a 
limited  program  is  outlined  at  an  estimated  cost  of  $11,700;  for  suc- 
ceeding years  a  fully  developed  pro-am  is  estimated  to  cost  $21,000. 
An  experienced  sanitary  engineer  is  recommended  as  director,  and 
the  gradual  development  of  the  proposed  malaria  control  orgaai2&- 
tion  into  a  sanitary  operating  imit  is  suggested.  Similar  work  by 
other  railroads  is  described. 

APPENDS  I. 

LETTERS  FROM  MUX  SUPERINTENDENTS  ON  THEIR  MALARU   PRORLBMS. 

bradley  lumber  co.,  warren,  ark. 

Afro.  25, 1922. 
United  States  Public  Health  Servicb, 

Room  17,  Courthouse^  Memphis,  Tenn. 

Dear  Sirs:  We  are  in  receipt  ol  yours  of  April  22  in  which  you  advise  that  asarvey 
is  now  beii^  made  of  the  temtory  through  which  theMisBouri  Pacific  Railroad  (nv- 
erses,  to  determine  the  pi:evalence  of  malaria  and  its  effect  on  industries  located  ia 
the  malarial  district  through  which  the  Missouri  Pacific  traverses. 

We  are  very  much  interested  in  learning  how  nudaria  may  be  eradicated  from  om 
district. 

We  have  a  great  deal  of  sickness  at  certain  seasons  of  the  year  amon^  our  men  iDi) 
their  families;  our  doctors  diagnose  practically  all  the  ailments  from  which  our  peof4e 
suffer  as  malaria.  We  have  imide  some  feeble  efforts  in  our  living  quartere  by  va^TOf 
war  on  the  mosquito  to  keep  down  malaria.  However,  we  admit  that  we  have  not  th^ 
knowledge  to  properly  combat  this  malarial  ccmdition  and  will  be  very  much  pleud 
to  have  you  investi^te  the  malaria  situation  at  our  plant,  and  can  assure  you  of  «&* 
heartyr  cooperation  in  anything  that  you  may  recommend  for  the  curtailment  of  tsa 
dreaded  disease. 

Yours  very  truly, 

R.  W.  FULLBRTON. 


oatrb  lumber  CO. 

I 

WiLMAR,  Ark.,  Apnli9, 19Sf. 
United  States  Public  Health  Service, 

Room  17 y  Courthouse  Builaing,  Memphis ,  Tenn. 

Dear  Sirs:  Replying  to  yours  of  April  22  regarding  the  malaria  survey  to  be  msde 
of  the  Missouri  Pacific  Railroad,  our  c(»npany  physician  reports  as  follows: 

"  In  reply  to  Public  Health  Service  letter  of  April  22, 1922, 1  will  state  the  following 

"1.  Mosquitoes  are  plentiful  every  mosquito  season. 

'*2.  Roughlv,  the  percentage  of  malarial  infection  will  average  one  pati^it.  ^ 
least,  to  each  uunily  employed  by  the  company.  Many  times  the  patient  is  the  wast 
earner  of  the  family. 

''3.  Personally,  and  as  physician  for  the  company,  I  think  the  malaria  dtuati^z 
would  justify  tlie  survey.    I  would  be  glad  to  see  the  survey  made  and  to  cooper**' 
in  every  way  possible. 
*'*  Respectfully, 

"E.  D.Butler,  M.D/' 

We  shall  be  glad  to  cooperate  in  any  way  possible  in  making  this  survey,  and  ^ 
feel  quite  sure  that  we  can  work  up  a  great  deal  of  interest  through  our  town  oounct 
in  doing  preventive  work. 
Yours  very  truly, 

Gates  Lumber  Co., 

B.  A.  Cannon. 

Manager. 
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louisiana  obntbal  lumber  co.,  clabkb,  la. 

Maboh  20,  1922. 
Ukited  Statbb  Pubuo  Bmavtr  Sbbtiob, 

Room  17 f  Cowrthofiu,  Memphu,  Tenn. 

Dear  Sibb:  We  have  your  letter  of  the  15th  inBtant  referring  to  the  health  con- 
ditions in  this  community. 

We  are  anxious  to  do  everydiing  we  possibly  can  toward  maintaining  a  healthy 
community,  and  are  at  this  time  spending  about  $1,500  to  $2,000  in  ditching  aroimd 
our  town  so  as  to  drain  all  stagnant  pools  to  prevent  the  breeding  of  mosquitoes. 

If  you  should  have  a  health  officer  in  this  community  at  any  time  in  the  near  future 
we  would  be  glad  indeed  to  have  him  call  on  our  local  health  officer,  Dr.  E.  D. 
Gardner,  and  make  any  further  suggestions  that  mi^t  occur  to  him  toward  improv- 
ing conditions,  as  we  realize  that  a  community  kept  up  in  a  sanitary  condition  means 
a  great  deal  to  the  health  of  the  people. 
Yours  very  truly, 

Louisiana  Gbntral  Lumbbb  Co., 
A.  W.  Johnson, 

Asiutant  to  General  Manager, 


the  bbbbob  ma^uvaoturlno  oo.,  arkansab  gitt,  ark. 

April  24,  1922. 
IlNrrBD  Statbb  Pubuo  Hbalth  Sbrvicb, 

Room  17,  Courthnue,  MemphUf  Tenn, 

Dbar  Sirs:  Replving  to  your  fiivor  of  April  22,  we  would  be  very  glad  to  have  you 
investigate  malarial  oonditums  at  our  plant.  So  far  as  the  writer  knows  this  has 
never  been  done,  but  we  do  know  that  a  large  percentage  of  our  employees  suffer  from 
a  certain  amount  of  malaria  during  the  summer  and  fall. 

It  has  never  been  necesBsry  for  us  to  dose  our  operation  because  of  this  but  li  great 
many  of  the  employees,  while  not  nek  enough  to  leave  wc^k  altogether,  are  in  such 
^yaical  condition  that  they  are  not  able  to  put  100  per  cent  efficiency  into  their  work. 
Of  course  this  condition  is  not  as  bad  now  as  it  used  to  be  several  years  ago  but  is  still 
quite  a  menace  to  this  ooun^. 

If  tiiere  is  anything  we  can  do  to  assist  you  in  this  matter  we  shall  be  very  glad  to 
have  yon  call  on  us.  * 

Yours  very  truly, 

Thb  Brbbcb  Manutaoturimo  Co.» 
Carl  L.  Whttb,  Manager, 

APPENDIX  n. 

DinBCTS  FOUND  IN  SCBfelNINQ  OP  MIBSOURI  PAGDIC  FUOnOtn. 

K.  General, 

1.  Openings,  cracks,  knot  holes  in  building  or  car  reqiuring  repair. 

2.  li^esh  less  than  16  to  the  inch. 

3.  Screen  material  worn,  broken,  or  ruBted:  needs  replacement;  on  dootB  kick 

strips  are  necesBsry. 

4.  Patches  on  screen  not  securely  laced  on. 

5.  Screens  on  hand,  but  not  used. 

6.  Screen  loose  from  frame:  needs  molding  over  tacks. 

3.   D0CT9. 

1.  Not  all  outside  dootB  screened. 

2.  Poor  fit:  too  larse;  too  smaU. 

3.  Batten  strips:  None;  not  all  around;  not  wide  enou^;  edges  facing  screen 

door  not  in  same  vertical  plane. 

4.  Sill:  None,  or  worn;  needs  bottom  batten  strip. 

5.  Frame  wuped:  should  be  made  of  heavier  material  and  seasoned  lumber. 

6.  Frame  SBfg^:  needs  diagonal  bradnff. 

7.  Ooilspri^:  None;  stretched;  toolimt. 

8.  Hin^:  'nw  small;  insecurely  attached;  should  be  screwed,  not  nailed. 

9.  Sliding  doors  on  bunk  cars  leit  open:  use  hinged  doors. 
10.  Doors  propped  open:  foreman  should  not  permit. 
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on  aide  doora  it  ahall  be  low  enough  to  be  reached  from  the  ground.    A  handle  ^lall 
be  fixed  on  the  outside  of  all  doon  near  the  button. 

14.  Stripe  of  wood  at  least  three-fourths  inch  thick  shall  be  nailed  around  the  doot^ 
way  on  alf/otir  sid^^in  such  a  manner  that  the  door  when  closed  will  fit  snuglv  against 
them.  The  screen-door  frame  shall  be  made  one-fourth  inch  smaller  all  anmnd 
than  the  opening  to  allow  for  swelling,  and  will  thus  have  at  least  one-half  inch 
contact  all  around  i^jainst  the  strips.  Door  sills  may  be  chiseled  out  to  meet  this 
requirement,  otherwise  the  bottom  strip  shall  be  beveled  to  allow  dirt  to  be  swept  out. 

15.  Screen  doors  now  in  use  must  be  made  to  complv  with  these  specifications. 

Warning. — The  midaria  mosquito  can  get  through  a  nolo  or  crack  as  small  as  one- 
fourteenth  of  an  inch,  and  may  discover  even  a  single  such  opening.  Therefore  a 
screened  car  should  have  no  unscreened  or  imcaulkea  opening  to  invite  mosquitoes. 

APPENDIX  V. 

STANDARD  QWNPm  TRBATMBNT  FOH  MALAHU  ADOPTBD  BT  THE  NATIONAL  BIALABU 
OOMBilTTBB  AND  APPBOTBD  BT  THE  UNITED  8TATBB  PUBUC  HEALTH  8EBVIGB. 

Trsabubt  Dbpabtmbnt, 
Bureau  or  the  Pubuo  Health  Sbbviob, 

WoikingUm,  March  31,  19ti. 
Bureau  Circular  No.  344. 

To:  Medical  officers  of  the  United  States  Public  Health  Service,  and  others  concerned: 
Subject:  Treatment  of  malaria  carriers  in  service  hospitals. 

Recent  investigations  in  the  treatment  of  maUiia  fevers  have  developed  or  empb»- 
need  the  following  ^ts: 

1.  Quinine  remains  the  most  effective  drug  known  for  the  treatment  and  cure  o< 
malaria  fevers. 

2.  The  dosage  generally  employed  in  the  United  States  is  too  small  and  the  period 
of  treatment  too  snort  to  effect  permanent  cures  except  in  a  small  percentage  of  caaea. 

3.  The  inadequately  treated  uncured  malaria  cases  are  of  the  greatest  menace  to 
the  public  health  in  that  the  majority  of  malaria-carrying  moaquitoes  are  infected 
from  them. 

4.  The  treatment  of  malaria  by  the  intravenous  injection  of  quinine  has  a  proper 
but  limited  field  of  usefulness;  it  has  no  curative  advantage  wniEitever  over  the  oral 
administration  of  quinine  in  ordinary  cases  and  should  not  Be  used  as  a  routine  treat- 
ment of  malaria. 

Your  attention  is  directed  to  the  Standard  Quinine  Treatment  for  Malaria  as  adopted 
by  the  Nations!  Malaria  Committee  and  ^>proved  by  the  United  States  Public  HeaUh 
Service  ^Reprint  672) .    It  is  as  foUows: 

'  'For  the  acute  attack  10  grains  of  quinine  sulphate  by  mouth  three  times  a  day  for 
a  |>eriod  of  at  least  three  or  four  days,  to  be  followed  by  10  grains  every  night  betee 
retiring  for  a  period  of  eight  weeks.  For  infected  persons  not  having  acute  symptoms 
at  the  time  only  the  eight  weeks'  treatment  is  required.'' 

This  dosage  snould  serve  as  the  standard  of  treatment  for  ordinary  malaria  inlsctiioii 
among  all  service  beneficiaries. 

No  case  of  malaria  should  be  discharged  from  a  service  hospital  as  ''cured' '  imme^ 
diately  upon  the  subsidence  of  acute  symptoms,  but  where  patients  no  longer  require, 
or  where  they  refuse  further  hospital  care,  they  should  be  furnished  out-patient  treat- 
ment and  encouraged  to  take  sufficient  quinine  to  complete  the  period  of  treatment 
or  effect  a  cure.    Arsenic  is  freouently  necessary  in  reheving  these  cases. 

Blood  examinations  of  all  malaria  cases  undergoing  treatment  should  be  made  at 
frequent  intervals  in  order  to  determine  progress  of  cure  and  whether  patient  is  a 
carrier  of  malaria  infection  and  hence  dangerous  to  the  public  health. 

H.  S.   CUMMtNG, 

Surgeon  OenenU. 
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